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PREFACE. 



The purpose of this book is to present in a compact form those 
principles which underiie the design of gas-engines, together with 
such data on the subject as seem reliable for the use of those 
engaged in building this kind of machinery, and who are familiar 
with its characteristics. The qualitative or inventive side of design, 
such as is treated in all the books that have so far appeared, except 
Giildner in German, is here entirely omitted and familiarity with 
such presupposed. This book is concerned entirely with the quan- 
titative side of design, and treats solely of the forces in, and the 
energy-transforming power of the standard mechanism of, the 
exploding gas-engine. 

All those whose interests have demanded such a quantitative 
knowledge of the gas-engine, either for probable output and econ- 
omy or for the stresses in and proper strength of resisting engine 
parts, have met with difficulty in finding reliable data for reference,, 
as there is no book in English treating exclusively of this side of 
the subject. The data here presented are the result of many years' 
collection and personal experience, and were first classified in the 
present form for lecture use before my classes at Columbia Univer- 
sity. The increase in quantity of material during the last few years 
made it seem desirable to publish the notes in as closely condensed 
a form as possible consistent with clearness. 

The work is divided into three parts. The first, treating of 
power, efficiency, and economy, gives the material necessary for 
deciding on the necessary piston displacement for any specified 
output for any kind of gas, and enables the designer to approxi- 
mately predict economy. The second part contains the data and 
method for determining the stresses in the parts and the number 
and arrangement of cylinders necessary for balance or turning 
effort to meet the specifications. The last part is entirely con- 
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IV PREFACE. 

ccrncd with the dimensions of the parts to resist, the stresses, both 
by theoretic analysis and by empirical formulae, showing between 
what limits every principal dimension should lie. 

These resuhs apply to all classes of gas-engines, from the small 
high and variable-speed automobile and boat engine to the large 
5000-H.P. constant-speed station engine. 

The method of treatment used in the first part is believed to be 
new. A standard reference indicator card is established and, by 
comparison with tests, a diagram factor found by which the prob- 
able M.E.P. for any fuel and compression can be predicted. It is 
further shown that this same diagram factor, applied to the effi- 
ciency of the standard card, will give the probable efficiency of the 
engine as well as the economy when applied to the standard econ- 
omy. The diagram factor can therefore be used for three purposes, 
making calculations easy and certain; quite contrary to steam 
work, where the M.E.P. diagram factor is very different from the 
ratio of theoretic to actual water-rate, or efficiency. In the second 
part means are given for drawing the probable indicator card and, 
by tables and curves, the probable inertia diagram for any engine 
yet unbuilt. From these the stresses are found, as well as the 
turning effort, for all conditions of load, ignition, charge, mix- 
ture, speed, weight of parts, and combinations of cylinders. Means 
are also presented here for quickly estimating the conditions of 
balance and the unbalanced force, from the inertia diagram. The 
third part of the work, by the application of a method too little 
used in designing, enables the exact calculations for the dimen- 
sion of a part to be made, and for a check the limits between which 
the result should lie are presented. These limits also permit of 
very quick approximate design when used as empirical formulae. 
Variations of the limits for size, speed, or other conditions are 
pointed out. 

The large amount of computation and numerical work involved 
makes it unlikely that the book is free from errors, and I will grate- 
fully acknowledge notice of any errors or discrepancies. In this 
connection I am very much indebted to my associate Prof. Amasa 
Trowbridge for his valuable suggestions in the reading of the 
manuscript. 

C. E. L. 

Columbia University, New York, Sept. 1904. 
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GAS-ENGINE DESIGN. 



PART I. 

POWER— EFFICIENCY— ECONOMY. 

I. Introduction. — ^It is from a comparatively simple though 
comprehensive statement of a guarantee to a buyer that the engi- 
neer must design and construct his engine. This statement of 
guarantee is the initial specification for which the designer must 
elaborate the details with sufficient minuteness to enable workmen 
to construct the machine. 

Five facts are of prime importance to the buyer: first, the capac- 
ity of the engine in brake horse-power; second, its performance in 
B.T.U. per hour necessary to maintain each B.H.P.; third, the 
adaptability of the engine to the service. This is a factor of no little 
importance to the buyer, but is not always a feature of guarantees. 
When it is not, it certainly has weight in the decision of the buyer with 
what builder he will place his order. It may be that a certain firm 
has a reputation for building a better balanced engine than another, 
either because of owning certain useful patents or because of employ- 
ing better designers; another firm may be in a position to build an 
engine with better speed regulation. To the former the boat- 
builder or owner whose building must not be shaken will apply, 
to the latter the buyer who intends to run dynamos in parallel. 
When incorporated in the guarantee this adaptability clause is 
mainly confined to regulation of engines to run dynamos. 

The last two factors that concern the designer in the closing of 
the contract are the cost and workmanship. Cost is the last thing 
also that is learned by either designer or builder, and is determined 
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2 GAS-ENGINE DESIGN. 

only by experience in manufacture, not by any abstract or deep 
knowledge of technology, while workmanship is likewise difficult to 
predict. 

The building of an engine to meet requirements of power econ- 
omy or adaptability in balance or regulation is a thing that can be 
set down as a technical problem and solutions found from endless 
comparisons of what by mathematical analysis should be under 
ideal conditions and the determination by test of what is or can 
be under practical conditions. It is the business of the designer to 
know all the available results of such comparisons, for these enable 
him to take cognizance of conditions that are unknown or unknow- 
able and thus to design for any specifications that are within pos- 
sibility and to know just as surely what cannot be done. 

Power depends on mean effective pressure and piston speed. 
Mean effective pressure depends in gas-engines primarily on the 
kind of gas and secondly on the treatment of the gas. Piston 
speeds in gas-engines depend on nearly the same conditions as in 
steam-engines. 

Economy is a factor in gas-engines that depends on the kind 
of fuel and its treatment. 

Regulation depends on the method of governing, the combina- 
tion of cyUnders or treatment of the gas, to produce uniformity of 
turning effort and permit of quick change to meet loads. 

Balance in gas-engines is controlled by the same laws as in 
other machines. The dimensions of the parts which are covered 
in the guarantee under the head of workmanship depend on a knowl- 
edge of the stresses in all the parts and the resisting power of the 
various metals. 

The stresses in gas-engines depend primarily on the kind of 
gas and the treatment, and secondly on the inertia of parts, just as 
in other engines. 

It thus appears that the design of a gas engine to meet a given 
guarantee involves many problems of steam engine or ordinary 
machine design, but a knowledge of these alone is useless; it must be 
supplemented with the data on the behavior of gas when mixed 
with air and burned by the explosion method in a water-jacketed 
cylinder. 

It is intended, after the first brief treatment of the condition 
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surrounding the output or power and the economy, to consider the 
forces produced in the gas-engine cylinder, their variation through- 
out the stroke, and the effects of these forces on the other parts of 
the mechanism. The forces due to mass and motion will be next 
treated for balance, their combination with the forces due to the 
gas pressure behind the piston, for turning effort and strength in 
parts. 

The analysis of stresses in the separate parts and their dimensions 
as determined by present-day practice, furnish the main part of the 
work and are based naturally on what precedes. 

2. Power. — Capacity of gas-engines is" generally guaranteed in 
terms of brake horse-power to be determined by test. This depends 
on indicated horse-power and the energy lost in the engine by the 
friction of one metal surface on another or through various gas 
losses in leakage, or the passage of gas through restricted open- 
ings in suction, exhaust, transfer passages, or otherwise. These 
losses are seldom remembered as such, but rather as involved in 
mechanical efficiency as defined below. 

Let B.H.P. =brake horse-power; 
I.H.P. == indicated horse-power; 
£. = mechanical efficiency. 
Then 

r. B.H.P. 

^^TiTp:' \ (^) 

or B.H.P.-EXLH.P. ...... (2) 

3. Engine Losses. — In gas-engines this mechanical efficiency 
depends on the extent of the different losses in the engine itself, 
the most important of which are, for four-cycle engines: 

1° On mechanical friction, and 
2° On fluid losses and leakage. 
Let Lm'= the fraction of indicated horse-power due to mechanical 
friction losses; 
i^ = the fraction of indicated horse-power due to fluid 
losses and leakage. 
Then 

E^i-Lm-Lf, (3) 

and B.H.P. = (i-L,n-Lf)LH.P (4) 
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The mechanical friction loss in most engines is practically con- 
stant with load, but depending d\iefly for its amount on lubrication 
and the presence or absence of peculiar energy-absorbing parts 
with great friction coeflScients and loads. The loss due to fluid 
friction is in most engines quite small, about 6% of the I.H.P. when 
large free openings are provided^ leakage is reasonably small, and 
the velocity of gases through openings for admission, exhaust, or 
transfer of gases low. It may become very high, as much as 30% 
in a leaky or highly throttled engine Very often mechanical effi- 
ciency is given as the simple ratio of formula (i), and as such is 
variable with load and speed. This is especially true on throttling 
engines, and when so given is apt to be somewhat misleading, since 
it is principally the term Lf which varies, increasing in fact very 
rapidly with decrease of load. 

Two-cycle engines involve a much greater fluid loss than four- 
cycle engines in general, because of the necessity for quick transfer 
of the charge from the suction-chamber or precompression-pump 
to the motor cylinder, while the crank-pin passes through a small 
arc about the dead-center. To brmg about this transfer of mix- 
ture and displacement of burnt gases requires a precompression 
of the full charge to a pressure of from 5 to 10 pounds per square 
inch. This entire work of precompression is lost so far as pro- 
ducing work is concerned, as its use is simply to introduce the charge > 
and the loss is the price paid for the method of working. 

Call this precompression loss (L^X I.H.P.) horse-power and 
there results for mechanical efficiency £' of a two-cycle engine 

R = i-L„.-L,-L, (5) 

« 

The resulting output will then be 

B.H.P. = (i-i„-Z;-£,)LH.P (6) 

This quantity L^ will have values varying from .10 to .30, the 
latter for larger engines with separate pumps for air and gas, while 
the lower value is for simplest and most efficient pumps with lowest 
precompression pressures. 

Besides the losses noted in the engine, there are other deductions 
to be made for special cases. Some forms of scavenging engines 
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require power for their air-blasts, some engines require power for 
driving pump for circulating water or dynamo-driving to generate 
ignition current. All these special losses are not to be here con- 
sidered. The efficiencies given below are for fair average cases; 
values higher and lower are frequently found for particularly good 
or particularly bad combinations. 

Mechanical Efficiency. 
Engine, Four-cycle. Two-cycle. 

Large, 500 I.H.P. and over 81 to .86 .63 to .70 

Medium, 25 to 500 I.H.P 79 to .81 .64 to .66 

Small, 4 to 25 I.H.P 74 to* .80 .63 to .70 

4. Fluid Friction Losses. — ^An example of how the throttling 
of an engine by its governor may apparently decrease its mechan- 
ical efficiency is found in the figures of Prof. Robertson on a 
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S5o-H.P..Westinghouse engine, who reports a drop from £=85% 
at full load to £=63% it light load. A curve of £ with load for 
a similar 25"X3o" three-cylinder throttle governed engine is given 
in Fig. I. 

If the engine friction were constant and all fluid friction also 
constant mechanical efficiency would be constant and the curve 
of Fig. I would become that of Fig. 2, line A. As a matter of fact 
the mechanical friction does decrease slightly with load. Sup- 
posing the curve 5, Fig. 2, to represent this, then the difference 

"D XT p 

between the ordinates of curve B and the observed curve of V?Fti 

l.rl.r^. 
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given in curve C will represent the fluid friction effect, which natu- 
rally is very much greater at light loads than at full load with a 
throttled inlet control, Hit-or-miss engines and variable cut-ofl: 
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governed engines suffer a very much less fluid loss than do throttled 
governed engines and the loss varies much less with speed, because 
the valve openings are constant. Leakage losses can be measured 
on miss strokes by finding the area between the compression and 
expansion Unes, which of course should coincide if the walls are 




Fig. 8. 

cold. Admission losses are measurable approximately by the area 
of the bottom loop on a low spring card, or, as it is often called, a 
pumping diagram. This is the shaded area of Fig. 3. Back-pres- 
sure fluid resistance due to too small a valve opening is also approxi- 
mately measurable in the same way by determining the shaded area 
of Fig. 4, for example, which shows a card from a throttled engine 
with considerable back pressure. Incidentally in this diagram 
there is a loss of charge measurable by* noting where the compression 
line crosses atmosphere at i4. If the temperature does not change 
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the lost charge is -grr, which in this case is nearly 44%. As con- 
ditions in difiFerent engines vary so greatly in these matters which 
are controllable by the operator as well as the designer, at least to 




Fig. 4. 

some extent, no data can be given that would not be dangerous in 
their possible misapplication. However, the nature of the losses 
has been pointed out, and one set of curves on a large engine will 
be given to illustrate another point: the variation of bottom loop 
loss with speed. It must be remembered though that the results 
are applicable only to a precisely similar engine. 

A pair of curves, Fig. 5, given by Mr. H. A. Humphrey shows 
the fluid friction loss, Lf Xl.H.P., in a 400-H.P. Crossley engine 
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when running light and when exploding every charge under the 
governor. They are obtained from measuring the lost area on the 
bottom loops of the indicator cards showing suction and exhaust 
lines and part of compression, the rest being cut out by the stop 
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placed in the indicator to save it when using the weak 32-lb. spring. 
These curves do not represent all of the loss Lfy but only part of it, 
and show that it varies with the speed. 

5. Displacement for Required I,H.P. — ^From what precedes it 
is possible to determine what indicated horse-power will probably 
be required for the brake horse-power specified; the next step is 
to provide sufficient cylinder to give this I.H.P. with whatever mean 
effective pressures will be available with the fuel to be used. 

Let P =mean effective pressure in pounds per square inch for 
the wojking stroke; 
L = length of stroke in feet; 
a = effective area of piston in square inches; 
JV = revolutions per minute; 
n = explosions or impulses per minute; 
5= piston speed in feet per minute, assuming piston veloc- 
ity constant at all points of stroke. 
Then 

LH.P.=-^-^ (7) 

33000 ^'^ 

N 
For a four-cycle single-acting cylinder n = — , 

For a two-cycle single-acting cyUnder n = N, 

and the horse-power will be that for one cylinder exploding one 
end only. For combinations of cylinders, appropriate factors must 
be used, remembering that for double-acting engines (a) is area of 
piston less that of rod. 

6. Piston Speeds. — The length of stroke in feet L is covered 
twice in one revolution; hence 2L feet is covered in one revolu- 
tion, or 2LN feet per minute, or 

2LN^S, 
or LN^p 

whence from formula (7), by substitution, for a single-acting four- 
cycle cylinder, 

I.H.P. = — " • ••••••• (o) 

4 33000 
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POWER— EFFICIENCY— ECONOMY. 9 

Piston speeds in gas-engines vary not much from steam practice. 
The following may be taken as giving fair values representing 
the limits of practice: 

I.H.P. Piston Speed ■■ 5 feet per minute. 

1000 Stationary (700-1000) 

700 '' 

500 '' 

ISO " 

SO '' 

SmaU '' 

2-10 H.P. (per cyUnder) automobile (600-1000) 750 

The relation between piston speed and R.P.M. for different 
Strokes is given in Table I, which will be found useful in saving 
multiplication. The credit for calculating this and other H.P. 
tables to follow is due to "Power," where they appeared in 1901. 

7. I.H.P per Pound M.E.P.— The three quantities, piston speed, 
mean effective pressure, and I.H.P., have a certain relation for 
every cylinder diameter. These relations can be expressed in tables . 
by assuming any one unity; thus a useful relation is indicated horse- 
power per pQund P for all cyUnder diameters and piston speed, 
and for a single-acting four-cycle cylinder it is given by 

I.H.P. per pound M.E.P. = - ^^, .... (o) 

'^ ^ 433000 ^^^ 

which becomes 

I axS 

I.H.P. per pound M.E.P. , . . . (10) 

^ ^ 233000' ^ ^ 

for a single-acting two-cycle cylinder. 

Table II gives the part for all diameters and piston 

speed. 

The use of the table may be illustrated by an example: 
What horse-power would be developed by a double-acting two- 
cycle engine 24"X48" with a 4^" piston-rod running at 620 feet of 
piston speed and with 46. s pounds of mean effective pressure in the 
head end and 47.2 in the crank end? 
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Table I. 

PISTON SPEED FEET PER MINUTE. 
2Xstroke in inches XR. P.M. 

12 











R.P.M. 








Stroke 
















in 
Inches. 






















10 


30 


30 


40 


so 


60 


70 


80 


90 


I 


1.67 


3-33 


5 


6.67 


8.33 


10 


11.67 


13-33 


IS 


2 


3-33 


6.67 


10 


^3 33 


16.67 


20 


23.33 


26.67 


30 


3 


.5 


10 


15 


20 


25 


30 


35 


40 


45 


4 


6.67 


13-33 


20 


26.67 


41.67 


40 


46.67 


53-33 


60 


5 


8.33 


16.67 


25 


33-33 


50.00 


50 


58.33 


66.67 


75 


6 


10 


20 


30 


40 


58.33 


60 


70 


80 


90 


7 


11.67 


23-33 


35 


46.67 


66.67 


70 


81.67 


93-33 


105 


8 


13 -33 


26.67 


40 


53-33 


75-00 


80 


93-33 


106.67 


120 


9 


15 ^ 


30 


45 


60 


83 -33 


90 


'°§ . 


120 


135 


lO 


16.67 


33-33 


50 


66.67 


91.67 


100 


116.67 


^33-33 


150 


II 


^^'33 


36.67 


55 


73.33 


100.00 


no 


128.33 146.67 


165 


12 


20 


40 


60 


80 


116.67 


120 


140 


160 


180 


13 


21.67 


43-33 


65 


86.67 


125.00 


130 


151.67 


173-33 


195 


14 


23 -33 


46.67 


70 


93-33 


133-33 


140 


163.33 


186.67 


210 


15 


25 


50 


75 


100 


141.67 


150 


175 


200 


225 


i6 


26.67 


53-33 


80. 


106.67 


150.00 


iC'C 


186.67 


213-33 


240 


17 


28.33 


56.67 


85 


1^3-33 


158.33 


170 


198.33 


226.67 


255 


i8 


30 


60 


90 


120 


166.67 


180 


210 


240 


270 


19 


31.67 


^§f^ 


95 


126.67 


183.33 


190 


221.67 


253-33 


285 


20 


33 33 


66.67 


100 


^33-33 


200.00 


200 


233-67 


266.67 


300 


22 


36.67 


73-33 


no 


146.67 


216.67 


220 


256.67 


293-33 


330 


24 


40 


80 


120 


160 


2 33 -33 


240 


280 


320 


360 


26 


43-33 


86.67 


130 


173-33 


250.00 


260 


303-33 


346.67 


390 


28 


46.67 


93-33 


140 


186.67 


233 -33 


280 


326.67 


373-33 


420 


30 


50 


100 


150 


200 


250 


300 


350 


400 


450 


32 


53-33 


106.67 


160 


213-33 


266.67 


320 


373-33 


426.67 


480 


34 


56-67 


"3-33 


170 


226.67 


2^3-33 


340 


396.67 


453-33 


510 


36 


60 


120 


180 


240 


300 


360 


420 


480 


540 


38 


63 '33 


126.67 


190 


253 -33 


316.67 


380 


443.33 


506.67 


570 


40 


66.67 


133-33 


200 


266.67 


333 33 


400 


466.67 


533-33 


600 


42 


70 


140 


210 


280 


350 


420 


490 


560 


630 


44 


73-33 


146.67 


220 


293 -33 


366.67 


440 


513.33 


586.67 


660 


46 


76.67 


153 -33 


230 


306.67 


3^3-33 


460 


536.67 


613-33 


690 


48 


80 


160 


240 


320 


400 


480 


560 


640 


720 


50 


83-33 


166.67 


250 


333-33 


416.67 


500 


5^3-33 


666.67 


750 


52 


86.67 


173-33 


260 


346.67 


433-33 


520 


606.67 


693 -33 


780 


54 


90 


180 


270 


360 


450 


540 


630 


720 


810 


56 


93-33 


186.67 


280 


373-3.' 


466.67 


560 


653-33 


746.67 


840 


58 


96.67 


193 -33 


290 


386.67 


483 -33 


580 


676.67 


773-33 


870 


60 


TOO 


200 


300 


400 


500 


600 


700 


800 


900 
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Table I — (Continued). 

PISTON SPEED, FEET PER MINUTE. 









R.P.M. 






Stroke 












in 
Inches. 






1 
















to 


ao 


30 


40 


50 


60 


70 


80 


90 


62 


103 -33 


206.67 


' 310 


413-33 


516.67 


620 


723 -33 


826.67 


930 


64 


106.67 


213.33 


320 


426.67 


533-33 


640 


746.67 


ll^'^^ 


960 


66 


no 


220 


330 


440 


550 


660 


770 


880 


990. 


68 


"3-33 


226.67 


340 


453-33 


566.67 


680 


793.33 


906.67 


I020' 


70 


116.67 


233 -33 


350 


466.67 


583.37 


700 


816.67 


933.33 


1050. 


72 


120 


240 


360 


480 


600 


720 


840 


960 


1080 


74 


123-33 


246.67 


370 


493-33 


616.67 


740 


aP.'^^ 


986.67 


1 1 10 


76 


126.67 


253 -33 


380 


506.67 


633.33 


760 


886.67 


1013-33 


1140- 


78 


130 


260 


390 


520 


650 


780 


910 


1040 


ii>o 


80 


^33-33 


266.67 


400 


533-33 


666.67 


800 


933.33 


1066.67 


1200. 


82 


136.67 


273- 33 


410 


546.67 


683-33 


820 


956.67 


1093.33 


1230^- 


84 


140 


280 


420 


560 


700 


840 


980 


1 120 


1260- 


86 


143 -33 


286.67 


430 


573-33 


716.67 


860 


1003.33 


1146.67 


iigo- 


88 


146.67 


293 -33 


440 


586.67 


733.33 


880 


1026.67 


"7333 


1320. 


90 


150 


300 


450 


600 


750 


900 


1050 


1200 


1350 • 


92 


153 -33 


306.67 


460 


613-33 


766.67 


920 


1073-33 


1226.67 


1380. 


94 


156.67 


31333 


470 


626.67 


783.33 


940 


1073-33 


1253.33 


I4IO' 


96 


160 


320 


480 


640 


800 


960 


II20 


1280 


I440' 


98 


i(>3'33 


326.67 


490 


653 -33 


816.67 


980 


"43-33 


1306.67 


1470- 


100 


166.67 


333-33 


500 


666.67 


883.33 


1000 


1166.67 


U33 33 


1500- 


102 


170 


340 


510 


680 


850 


1020 


1190 


1360 


153^' 


104 


17333 


346.67 


520 


693.33 


866.67 


1040 


1213-33 


1386.67 


1560 


106 


176.33 


353-33 


530 


706.67 


883.33 


1060 


1236.67 


1413-33 


1590. 


108 


180 


360 


540 


720 


900 


1080 


1260 


1440 


1620' 


110 


183-33 


366.67 


550 


733-33 


916.67 


IIOO 


1283.33 


1466.67 


1650 


112 


186.67 


373-33 


• 560 


746.67 


933.33 


1120 


1306.67 


1493-33 


1680 


114 


190 


380 


570 


760 


950 


1 140 


1330 


1520 


1710 


116 


193 -33 


386.67 


580 


773-33 


966.67 


1160 


^353- 33 


1546.67 


1740 


118 


196.67 


393.33 


590 


786.67 


983.33 


1180 


1376.67 


'57333 


1770 


120 


200 


400 


600 


800 


1000 


1200 


1400 


1600 


1800 


122 


203-33 


406.67 


610 


813-33 


1016.67 


1220 


1423-33 


1626.67 


1830 


124 


206.67 


413.33 


620 


826.67 


1033.33 


1240 


1446.67 


1653.33 


1860^ 


126 


210 


420 


630 


840 


1050 


1260 


1470 


1680 


189a 


128 


213-33 


426.67 


640 


f§l-^^ 


1066.67 


1280 


M93.33 


1706.67 


192a 


130 


216.67 


433-33 


650 


886.33 


1083.33 


1300 


1516.67 


1733.33 


1950 


132 


220 


440 


660 


880 


1 100 


1320 


1540 


1760 


1980. 


134 


223-33 


446.67 


670 


893 -33 


1116.67 


1340 


1563-33 


1786.67 


2010 


136 


226.67 


453-33 


680 


906.67 


"33. 33 


1360 


1586.67 


1813-33 


2040 


138 


230 


460 


690 


920 


1150 


1380 


1610 


1840 


207a 


140 


233-33 


466.67 


700 


933-33 


1166.67 


1400 


^(>33 33 


1866.67 


2100 


142 


236.67 


473-33 


710 


946.67 


"83.33 


Z420 


1656.67 


1893-33 


2130 


144 


240 


480 


720 


960 


1200 


1440 


1680 


1920 


2160 


146 


243 -33 


486.67 


730 


973-33 


1216.67 


Z460 


1703-3.^ 


1Q46.67 


2190 


148 


246.67 


493.33 


740 


986.67 


^^33-33 


1480 


1726.67 


1973-33 


2220 


150 


250 


500 


750 


1000 


1250 


1500 


1750 


2000 


2250 



Digitized by V^OOQIC 



12 



GAS-ENGINE DESIGN. 



Table II. 

aXS 



Values of - 



33000 



ii 






Piston Speed in Feet 


per Minute, 


























1 



















100 


aoo 


300 


400 


500 


600 


700 


800 


9000 


.. 


.0013 


.0037 


.0040 


.OOS4 


.0067 


.0080 


.0094 


.0107 


.0X30 


* 


.oot6 


.0031 


.0047 


.0063 


.0079 


.0094 


.0110 


.0136 


.0x41 




.0018 


.0036 


.0055 


.0073 


.0091 


.0109 


.0138 


.0146 


.0X64 


* 


.00a I 


.0043 


.0063 


.0084 


.0105 


.0x36 


.0146 


.0167 


.0188 


I 


.0034 


.0048 


.0071 


.0095 


.0119 


.0143 


.0x67 


.0190 


.0214 


<^ 


.0037 


.0054 


.ooSi 


.0107 


.0134 


.0161 


.0188 


.03x5 


.0343 


K' 


.0030 


.0060 


.0090 


.0120 


•**'li 


.0x81 


.03II 


.0341 


.0371 


"F 


.0034 


.0067 


.0101 


.0134 


.0168 


.O30I 


•0335 


.0368 


.0303 


!• 


.0037 


.0074 


.01 12 


.0149 


.0186 


.0223 


.0360 


.0398 


.0335 


lA 


.0041 


.0083 


.0123 


.0164 


.030S 


.0246" 


.0287 


.0338 


.0369 


1* 


.0045 


.0090 


.0135 


.0180 


•032.S 


.0270 


.0315 


.0360 


.0405 


^Tt 


.0049 


.0098 


.0148 


.0197 


.0346 


.0295 


•0344 


• 0393 


.0443 


It 


.0054 


.0107 


.C161 


.0214 


.0268 


.0331 


.0375 


.0428 


.0483 


lA 


.0058 


.0116 


.0174 


.0232 


.0291 


.0349 


.0407 


.0465 


.0523 


If 


.0063 


.0136 


.oi8q 


.0251 


.03'4 


.0377 


.0440 


.0503 


.0566 


I 


i 


.0068 


.0136 


.0303 


.0271 


.0339 


.0407 


.0474 


.0542 


.0610 


I' 




.0073 


.0146 


.0319 


.0292 


.0364 


•0437 


.05x0 


.0583 


.0656 


1 


1 


.0078 


.0156 


.0235 


•0313 


.0391 


.0469 


.0548 


.0626 


.0704 


1' 




.0084 


.0167 


.0251 


.0335 


.0418 


.0502 


.0586 


.0669 


•0753 


iH 


.0089 


.0179 


.0268 


• 0357 


.0447 


.0536 


.0625 


.0715 


.0804 


a 


.0095 


.0190 


.0286 


.0381 


.0476 


.0571 


.0666 


.0763 


.0857 


aA 


.0101 


.0303 


.0304 


.0405 


.0506 


.0607 


.0709 


.0810 


.0911 


ai 


.0107 


.0315 


.0322 


.0430 


.0537 


.0645 


.0752 


.0860 


.0967 


^A 


.0114 


.0338 


.0342 


.0456 


.0569 


.0683 


.0797 


.09XX 


.I03S 


at 


.01 30 


.0341 


.0361 


.0482 


.0602 


.0733 


.0843 


.0964 


.1084 


»fr 


.0137 
. 013*4 


.02SS 


.0382 


.0509 


.0636 


.0764 


.0891 


.1018 


.1145 


a- 


.0268 


.0403 


.0537 


.0671 


.0805 


.0940 


.1074 


.Z308 


*P 


.0141 


.0383 


.0424 


.0566 


.0707 


.0848 


0990 


.1131 


.1273 


a- ■ 


.0149 


.0397 


.0446 


.OS95 


.0744 


.0892 


.1041 


. X190 


• 1339 


aA 


.0156 


.03X3 


.0469 


.0625 


.0781 


.0938- 


.1094 


.1350 


.1407 


3 




.0164 


.0338 


.0492 


.0656 


.0820 


.0984 


.1148 


.1312 


.1476 


3 


i 


.0173 


.0344 


.0516 


.0688 


.0860 


. 1 03 I 


.1203 


.1375 


.1547 


2 




.0180 


.0360 


.0540 


.0720 


.0900 


.1080 


. 1260 


.1440 


. 1630 


a 


i 


.0188 


.0377 


.0565 


.0753 


0941 


. 1130 


.1318 


.1506 


.1694 


a 




.0x97 


.0393 


.0590 


•0787 


.0984 


.1180 


.1377 


.1574 


.1770 


att 


.0305 


.0411 


.0616 


.0821 


.1037 


.1233 


.I43S 


.1643 


.1848 


3 


.0314 


.0438 


.0643 


.0857 


.1071 


.1285 


.1499 


.1714 


.1928 


3 


.0333 


.0465 


.0697 


.0030 


.1162 


.1395 


.1627 


.1859 


.3092 


3t 


.0351 


.0503 


.0754 


. T006 


.1257 


.1508 


. 1760 


. 20 1 1 


. 2262 


3f 


.0371 


■054a 


.0813 


.108^ 


.1355 


.1627 


.1898 


.3169 


.2440 


3i 


.0393 


.0583 


.0875 


.1166 


.1458 


.1749 


. 2041 


.3332 


. 2624 


3 


.0313 


.0626 


.0938 


.1351 


.1564 


.1877 


.2189 


. 2502 


.2815 


3 


.0335 


.0669 


.1004 


.1339 


.1673 


.2008 


.2343 


.2678 


.3012 


3 


•03S7 


.0715 


.1072 


.1439 


.1787 


.2144 


. 2502 


.2859 


.3216 


^ 


.0381 


.0763 


.1142 


.1523 


.1904 


.2285 


. 2066 


.3046 


.3427 


4 




.0405 


.0810 


.121S 


. 1630 


.2025 


.2430 


.2835 


.3240 


■ 3645 


4 




.0430 


.0860 


. 1290 


.1720 


.2149 


.2579 


.3009 


• 3439 


.3869 


4 




.0456 


.0911 


.1367 


.1822 


.2278 


.2733 


.3189 


.3644 


.4100 


4 




.0483 


.0964 


.144O 


.1928 


.2410 


.2S92 


.3374 


.3856 


.4337 


4 




.0509 


.1018 


.1527 


. 2036 


• ..2545 


.3055 


.3564 


.4073 


.4583 


:t 


.0537 


.1074 


.1612 


.3149 


.5686 


.3223 


.3760 


.4298 


.4835 


.0506 


.1131 


.if)97 


.3262 


.2828 


.3394 


.3950 


•4525 


.5090 
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Table Tl—iCotUinueS). 

aXS ' 



Values of ' 



33000 



tii 






Piston Speed in Feet 


per Minute. 






ji 






































XOO 


200 


300 


400 


500 


600 


700 


800 


000 


It 


.OS9S 
.0656 


.X190 
.X312 


::jii 


.2380 
.2624 


.2975 
.3280 


.3570 
.3936 


.4x65 
.4592 


.4760 
.5248 


-5355 
.5904 


6* 


.07ao 
.0787 
.0857 
.0930 
. 1006 


.X440 
.1574 
.X714 
.X859 
.201X 


.2x60 
.2361 
.2570 
.2789 
.30x7 


.2880 
.3148 
.3427 
.3719 
.4022 


.3600 
.3934 

.5028 


.4320 
.4721 
.5141 

.6033 


.5040 
.5508 
.5998 
.6508 
.7039 


.5760 


.6479 
.708a 

.9050 


6i 

it 


.1084 
.1x66 
.lasi 
.1339 
.1429 


.2169 
.233a 
.2502 
.2678 
.2859 


.3253 

•3499 
.3753 
.40x6 
.4288 


.4338 
.4665 
.5004 


.5422 
.5831 
.6355 
.6694 
.7x47 


.6506 
.6997 
.7506 
.8033 
.8577 


.7591 
.8163 

.8757 

.9371 

X.OO06 


.8675 

.9330 

I .0008 

1.0710 

I. I 436 


.9760 
1.0496 
11259 


8 
9 


.15*3 
.x63o 
.i7ao 
.x8aa 
.X9a8 


.3046 
.3240 
.3439 


• S159 
.5467 
.5783 


.6878 
.7289 
.7711 


.8598 
.9111 
.9639 


• 9x39 

.9719 

X.03I7 

1.0933 

X.X567 


X.0662 
1-1339 
1.2037 
1.2755 
1.3495 


I . 2185 
1-2959 
1.3756 
1-4577 
1.5422 


x.3709 
1-4579 
1.5476 
X .6400 
1-7350 


3 

xo 


.ao36 
.ai48 
.3262 
.2380 
.2624 


.4525 
.4760 
.5248 


.6x09 

■ 7x40 
.7872 


.8146 
.8592 
.9050 
.9520 
1.0496 


X.0182 
X.0740 
I .1313 
X.1900 
X . 3 1 20 


X.22I8 

X . 2888 
1.3S7S 
X.4280 
X.5744 


1.4255 

1.5036 
1.5837 
1.6660 
X.8368 


1.6291 
I. 7184 
1.8100 
1 . 9040 
3.0992 


1.8338 
1-9331 
2.036a 
a. 1430 
2.3615 


IX 

xa 
13 
M 


.2880 
.3x48 
•34*7 
.4022 
.4665 


.5760 
.6295 
.6855 
.8044 
■ 9330 


.8639 

•9443 

X.0282 

1.9066 

X-3995 


X.1519 
1 . 2590 
x.3709 
1.6088 
X.8659 


X.4399 
X.5738 
x.7136 
2.0111 
2.3324 


1.7279 
X.8885 
2.0564 
2.4133 
9.7989 


9.0XS9 
2 . 9033 
2.3991 
2.8155 
3.2654 


9.3038 
3.5181 
2.7418 
3.2177 
3.73x9 


9.8398 
3.0845 
3.6199 
4- 1984 


17 
18 
19 


.6003 
.6878 
.771X 
.»S93 


1.07x0 
X.2185 
X.3756 

1.5422 

X.7184 


1.6065 
X.8278 
9.0635 
2.3134 
2.5775 


2.1419 
2.4371 
2.7513 
3.0845 
3-4367 


a. 6774 
3.0464 
3.4391 
3.8556 
4.2959 


3.2129 
3.6556 
4.1269 
4.6267 
5.ISSX 


3.7484 
4.2649 
4.8147 
5. 3978 
6.0143 


4.2839 
4.8742 
5-5025 
6 . 1 690 
6.8735 


4-8194 
5-4835 
6.1904 
6.0401 
7.7326 


90 

31 

«3 

84 


.9S»o 
X.0496 
1.15x9 
1.2590 
X.3709 


X.9040 
2.0992 
2.3038 
2.5I8I 
2.7418 


9.8560 
3.1487 
3.4557 
3.7771 
4.X136 


3.8080 
4.1983 
4.6076 
5.0361 
5.483s 


4.7600 
5-2479 
5-7595 
6.2952 
6.8544 


5.7x20 
6.2975 
6.9115 
7.5542 
8.2253 


6 . 6640 
7.3470 

8.8132 
9.5962 


7.6160 

8.3966 

9.2153 

10.0722 

10.9670 


8.5680 

9.446a 

10.367a 

11-33X3 

12-3379 


11 

11 
29 


1.4875 
X.6089 
X.7350 
X.86S9 
2.0016 


2.9750 
3.2178 
3.4701 
3.7318 
4.0039 


4.4625 
4.8266 
5.2051 
5-5977 
6.0047 


5. 9499 
6.4.^55 
6.9401 


7.4374 
8.0444 
8.6752 
9.3295 
XO.0079 


8.9249 

9.6533 

10.4102 

11.1955 

12. 0095 


10.4124 
II .2622 
12.1452 
13.0614 
14.0110 


1 I . 8999 

12,8710 
13.8802 
14.9273 
16.0136 


13.3874 
14.4799 
15.6153 
16.7939 
18.014a 


30 
31 
3a 
33 
34 


2.X420 
2.2872 
2-4371 
2.59x8 
«.7S13 


4.2840 

4.5744 
4.8742 
5.1836 
5. 5025 


6.4260 
6.8615 
7.3x14 


8.5680 

9.X487 

9.7485 

10.3673 

II. 0051 


Z0.7X00 
11.4359 
13.1856 
13.9591 
13.7564 


12.8520 
13.7231 
14.6227 
15.5509 
16.5076 


14.9940 
16.0103 
17.0598 
18.1427 
19.2589 


17-1360 
18.297s 
19.4970 
20.7345 
22.0102 


19.2780 
20.5846 

3 1 .9341 

23.3264 
247615 


^1 

39 


«.9iSS 
3.0845 
3.258a 
3.4367 
3 . 6200 


5.83x0 
6 . I 690 
6.5164 
6.8734 
7.2399 


8.746s 

9.2535 

9.7746 

xo. 3101 

10,8599 


XX. 6619 
X2.3379 
13.0328 
13.7468 
14.4799 


14.5774 
15.4224 
16.3911 
17.1835 
18.0998 


17.4929 
X8.5069 
19.5493 
20.6202 
21.7198 


90.4084 
21.5914 

22.807s 
24.0509 
25.3398 


233239 
24.6759 
26.0657 
27.493^1 
28.9598 


26.2394 
27.7604 

29.3239 

30.9.?03 
32.5797 


40 
4X 
4a 
43 
44 


3.8080 
4.0008 
4.1983 
4.4006 
4.6077 


7.6160 
8.001S 
8 . J966 
8.8oia 
9. 2153 


11.4240 
12.0023 
12.5940 
13. 2018 
13.8230 


15-2320 
16,0030 
16.7033 
17.6024 
18.4307 


1 9 . 0400 
20.00J.S 
20 . 90 1 5 
22.00.^0 
33.03ii3 


22.8480 
24.0045 
2S. iHy.S 
26.40 ^0 
27.6460 


26.6560 
28.0053 
29.SS81 
30.8043 
32-2537 


30 . 4640 

3 2.00()l 

33.58<'4 
35 . 304,S 
36.8O13 


34- 2720 
36.006a 
37.7847 
39.605s 
41.4690 
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Values of ^ 


XS 
































33000 














^Il 












Piston Speed in 


Feet Per Minute. 








fc" 
































































1 




Jopj 




100 


300 


300 


400 


Soo 


600 


700 


800 


900 


45 


4 


8i9S 


9 


6390 


M 


4585 


19 


3779 


24 


0974 


38 


9161 


33 


7364 


38 


5559 


43 


3754 


46 


5 


0.361 


TO 


0721 


15 


1083 


20 


1442 


^l 


1803 


30 


2164 


35 


2524 


40 


288si 45 


3245 


47 


5 


aS74 


10 


5148 


15 


7722 


31 


0396 


36 


2870 


31 


5444 


36 


8ot8 


42 


0592 


47 


3165 


48 


5 


4835 


10 


9670 


16 


4505 


31 


9341 


27 


4176 


33 


9011 


38 


3846 


43 


8681 


49 


3516 


49 


5 


7144 


II 


4387 


17 


1431 


33 


8575 


28 


57x8 


34 


2863 


40 


0005 


45 


7149 


SX 


4293 


SO 


5 


9500 


11 


9000 


17 


8500 


23 


8000 


29 


7500 


35 


7000 


41 


6500 


47 


6000 


53 


5500 


5X 


6 


1904 


I 2 


3807 


18 


5711 


24 


761S 


30 


95x8 


37 


1423 


43 


3325 


49 


5239 


55 


7133 


53 


6 


4355 


13 


87x0 


19 


3065 


25 


7421 


32 


1776 


38 


6131 


45 


0486 


51 


4841 


•57 


9196 


53 


6 


6854 


13 


3708 


30 


0563 


36 


7416 


33 


4270 


40 


I I 34 


46.7978 


53 


4832 


60 


168s 


S4 


6 


9401 


13 


880 T 


30 


8302 


27 


7f)03 


34 


7003 


41 


6404 


48.5804 


55 


5205 


62 


4605 


ss 


7 


1995 


14 


3990 


31 


5985 


38 


7979 


35 


9974 


43 


1967 


50 


3964 


57 


5959 


64 


7954 


^6 


7 


46.n 


14 


9373 


33 


3910 


39 


8547 


37 


3183 


44 


7820 


52 


2457 


59 


7093 


67 


1730 


57 


7 


7336 


15 


4652 


23 


X978 


30 


9304 


38 


6630 


46 


3956 


54 


1282 


6x 


8608 


69 


5935 


58 


8 


0063 


16 


OI36 


24 


0189 


33 


0352 


40 


0315 


48.0378 


56 


0441 


64 


0504 


72 


0567 


50 


8 


2488 


16 


5695 


24 


8543 


33 


1390 


41 


4238 


49 


708s 


57 


9933 


66 


3781 


74 


5628 


60 


8 


s68o 


17 


1359 


25 


7039 


34 


2719 


42 


8398 


51 


4078 


59 


9758 


68 


5438 


77 


1117 


^i 


8 


8560 


'7 


7119 


36 


5679 


35 


4339 


44 


2798 


53 


1358 


61 


99x8 


70 


8478 


79 


7037 


^3 


9 


1487 


18 


3974 


27 


4461 


36.5948 


45 


7435 


54 


8922 


64 


0409 


73 


1896 


82 


3383 


•63 


9 


4462 


18 


8934 


28 


3386 


37 


7848 


47 


33XX 


56 


6775 


66 


12 35 


75 


5697 


85 


0x59 


t4 


9 


7485 


»9 


4969 


39 


2454 


38.9938 


48 


7423 


58 


4907 


68 


2392 


77 


9876 


87 


7361 


4S5 


10 


OS55 


30 


IITO 


30 


1665 


40 


2319 


50 


2774 


60 


3339 


70 


3884 


80 


4439 


90 


4994 


•66 


10 


■^Vl 


30 


7345 


31 


1017 


41 


4690 


51 


8362 


63 


2035 


72 


5707 


82 


9379 


03 


3052 


tl 


10 


6838 


31 


3676 


32 


0514 


43 


7352 


S3 


4189 


64 


1027 


74 


7865 


85 


4703 


96 


154X 


II 


0051 


32 


0I03 


33 


0153 


44 


0304 


55 


03SS 


66 


0305 


77 


0356 


88 


0407 


99 


0458 


60 


II 


3S12 


22 


6633 


33 


9935 


45 


3346 


56.6558 


67 


9869 


79 


3x81 


90 


6492 


lOI 


9804 


70 


11 


6ft30 


33 


3239 


34 


9859 


46.6479 


58 


3098 


69 


97x8 


81 


6338 


93 


2958 


104 


9577 


11 


11 


997 5 


33 


9951 


35 


9926 


47 


9902 


59 


9877 


71 


9853 


83 


9828 


95 


9804 


107 


9779 


73 


la 


3.W9 


24 


6758 


37 


0130 


49 


3515 


61 


6894 


74 


0273 


86 


3651 


98 


7030 


III 


0409 


73 


12 


oM.',o 


35 


3660 


3S 


0490 


50 


7320 


63 


4150 


76 


0980 


88 


7810 


lOI 


4640 


1x4 


1470 


74 


13 


0328 


36 


0057 


39 


0985 


53 


1314 


65 


1642 


78 


X97X 


9x 


2299 


104 


2628 


XX7 


2956 


75 


13 


387s 


36 


7749 


40 


1624 


53 


5498 


66 


9373 


80 


3247 


93 


7133 


107 


0996 


120 


4871 


76 


13 


7468 


27 


4937 


41 


2405 


54 


9874 


68 


7342 


82 


481 1 


96 


3279 


109 


9748 


123 


7216 


77 


M 


.1110 


28 


2220 


42 


3330 


56 


4440 


70 


5 5 SO 


84 


6660 


98 


7770 


112 


8880 


126 


9990 


78 


14 


4799 


28 


959H 


43 


4306 


57 


9195 


72 


3994 


86 


8793 


101 


3591 


IIS 


8390 


130 


3189 


79 


14 


8535 


29 


7071 


44 


5600 


59 


4142 


74 


2677 


89 


1213 


103 


9748 


118 


8284 


^33 


6819 


.80 


15 


3330 


30 


4639 


45 


6959 


60 


9370 


76 


1598 


9X 


3918 


106 


6338 


I 21 


8558 


137 


0877 


^i 


15 


6152 


31 


2303 


46 


845 5 


62 


4ftoO 


78 


0758 


93 


600Q 


109 


300 1 


124 


9212 


140 


5364 


83 


16 


0031 


3J 


0062 


48 


coy } 


64 


01 24 


80 


0155 


06 


0185 


I I 2 


0216 


128 


0247 


144 


0278 


•83 


16 


3058 


3a 


7916 


49 


1874 


65 


S8.W 


8r 


9789 


98 


3747 


114 


7705 


131 


1663 


147 


5621 


84 


16 


7933 


3i 


S865 


50 


3797 


67 


1730 


83 


9662 


100 


7595 


117 


5527 


134 


3459 


151 


1392 


«5 


17 


1955 


34 


3909 


5. 


5864 


68 


7818 


55. 


9773 


103 


1727 


I 20 


3682 


137 


5636 


154 


7591 


86 


17 


6034 


35 


2048 


S3 


8073 


70 


4097 


m 


01 21 


105 


6141; 


123 


3170 


140 


8194 


158 


4218 


87 


18 


0143 


36 


0384 


54 


0425 


72 


0567 


90 


0709 


loK 


08 s 1 


126 


0993 


144 


1135 


162 


1376 


^8 


18 


4307 


36 


8613 


55 


3920 


73 


7227 


92 


1533 


T 10 


5840 


129 


0147 


147 


4453 


165 


8760 


«9 


18.8519 


37 


7039 


56.5558 


75 


4078 


94 


2597 


1x3 


iii6 


I3X 


9636 


ISO 


8155 


169 


6675 


-90 


19 


2780 


38 


5559 


57 


8339 


77 


1119 


96.3898 


lis 


6678 


134 


9458 


154 


2238 


173 


50x7 


01 


19 


7087 


39 


417s 


59 


I 202 


78 


8340 


98 


5436 


118 


2524 


137 


96 II 


'57 


6698 


177 


378r 


7a 


20 


1443 


40 


2885 


Oo 


4328 


80 


5771 


100 


7214 


120 


8656 


141 


009Q 


161 


1542 


181 


2985 


'93 


30 


5846 


4X 


1692 


61 


7 5 37 


82 


3383 


102 


9229 


133 


5075 


144 


0920 


164 


6766 


185 


361 3 


i>4 


2X 


0296 


42 


0593 


63 


0889 


84 


ii8s 


105 


1482 


126 


1778 


147 


2075 


168 


2371 


189 


3667 


95 


31 


4795 


42 


9589 


64-4384 


?5 


9T78 


107 


3973 


r28 


8717 


150 


3562 


>7i 


8356 


'93 


3151 


«6 


21 


9340 


43 


8681 


65 


8021 


87 


73^>' 


109 


6702 


131 


6042 


153 


5382 


I7S 


4722 


'07 


4063 


07 


23 


3934 


44 


7867 


67 


1801 


89 


5735 


in 


96O8 


134 


3642 


156 


7535 


179 


1469 


201 


5403 


98 


32 


85 75 


45 


7T49 


68 


5724 


9t 


429H 


114 


2873 


137 


X447 


160 


0022 


182 


8596 


205 


7171 


99 


'^ 


i2<^i 


4b 


6527 


69 


9790 


93 


3053 


rt6 


6317 


139 


9590 


163 


2843 


I 86 


6107 


209 


9370 


100 


2^ 


7999 


47 


5999 


71 


3998 


95 


199S 


118 


9997 


142 


799'> 


166 


5996 


igc 


3995 


214 


1995 
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POWER— EFFICIENCY— ECONOMY. 1 5 

From the table the constant for this engine would be: 

Value for 600 = 8 . 2253 
'' '' 20= .27418 



'* *' 620 = 8.49948 

horse-power per pound of average mean efiFective pressure. 
The average mean effective pressure would be 

— '- — = 46 . 85 pounds. 

The horse-power uncorrected for the rod would therefore be 
8 .49948 X46 . 85 =398 . 200638 H.P. 

The horse-power lost by the presence of the rod is that which 
would be developed by an engine 4f inches in diameter at 310 feet 
of piston speed and at 47.2 pounds mean effective pressure. From 
the table we find the constant for such an engine to be: 

For 300 feet, .1367 
** 10 '* .00456 



'* 310 ** .14126 

horse-power per pound of mean effective pressure. 

The mean effective pressure which would have acted upon this 
area is 47.2 pounds. 

The horse-power to be deducted, therefore, is 

.14126X47.2=6.667472 H.P. 

Deducting this from the uncorrected horse-power we have 

398 . 200638 
6.667472 

391-533166 

as the horse-power corrected for the rod. 

8. Displacement per I.H.P. — ^Another of the relations sometimes 
useful in making comparisons is the relation of indicated horse- 
power and P with cubic feet of displacement per minute. 
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l6 GAS-ENGINE DESIGN. 

Let A -effective area of piston in square feet; then a-i44A. 
Substituting 

4 33000 

But A x5 "displacement in cubic feet per minute, or calling the 
displacement V, then for single-acting four-cycle cylinders 

I.H.P.=-Px-^^Xt^ (11) 

4 33000^^ ^ ' 

For single-acting two-cycle cylinders 

LH.P.«-PX^^XF (12) 

2 33000 ^ ' 

From (11). 

Cubic feet displacement per I.H.P. = 4X y^ = 4 X ^^ . (13) 

for four-cycle, and for two-cycle the factor 4 becomes 2. The quan- 
tity -—^ is given in Table III. 

Formula (13) gives by transposing 

^=4X'-|^. (14) 

which is the mean effective pressure required per I.H.P. for a four- 
cycle engine and making the factor 4 a 2, the relation for two-cycle 
engines results. 

This quantity, z^ , is given in the last table if therein V be 

taken for P. 

After the appropriate piston speed the next important quantity 
to be determined is the appropriate or possible mean effective 
pressure. This will vary with compression, kind of fuel, the dilution 
by neutral gases, the initial temperature, the proportion of parts of 
the mixture, the speed, the valve throttling on suction and exhaust^ 
the governor action, points of ignition, and a host of smaller influences 
sometimes very hard to determine. It is then difficult to predict 
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I? 



Table III. 

DISPLACEMENT PER H.P. AT DIFFERENT M.E.P. 



%m x> n 


Cubic Feet per Minute. 





























.1 


.a 


.3 


.4 


.5 


.6 


.7 


.8 


.9 


I 


229.17 


208.33 


190.97 


176.28 


163.69 


152.78 


'U'd 


134.80 


127.31 120.61 


a 


114.58 


109.13 


104.17 


99.64 


95-49 


91.67 


84.88 


81.85, 79-02 


3 


76.39 


73 92 


71.61 


69.44 


67.40 


65.48 


63.66 


61.94 


60.31 58.76 


4 


57-29 


55-89 


54.56 


53.29 


52.08 


50.93 


49.82 


48.76 


47-74 


46.77 


5 


45-83 


44-93 


44-07 


43.24 


42.44 


41.67 


40.92 


40.20 


39.51 


38.84 


6 


38.19 


37-57 


36.96 


36.38 


35-81 


35.26 


34.72 


34.20 


33.70 


33.21 


I 


32-74 


32.28 


31.83 


31-39 


30.97 


30.56 


30.15 


29.76 


29.38 29.01 


28.65 


28.29 
25.18 


27.95 


27.61 


27.28 


26.96 


26.65 


26.34 


26.04 


25.75 


9 


25.46 


24-91 


24.64 


24.38 


24.12 


23.87 


23-63 


23.38 


23.15 


lO 


22.92 


22.69 


22.47 


22.25 


22.04 


21.83 


21.62 


21.42 


21.22 


21. oa 


II 


20.83 


20.65 


20.46 


20.28 


20.10 


19.93 


19.76 


19.59 


19.42 


19.26 


12 


19.10 


18.94 


18.78 


18.63 


18.48 


18.33 


18.19 


18.04 


17.70 


17.76 


13 


17-63 


17.49 


17.36 


17-23 


17.10 


16.98 


16.85 


16.73 


16.61 


16.49 


14 


16.37 
15.28 


16.25 
15.18 


16.14 


16.03 


^Sgi 


15.80 


15.70 


15.59 


15-48 


15.38 


15 


15.08 


14.98 


14.88 


14.78 


14.69 


14.60 


14.50 


14.41 


i6 


14-32 


14-23 


14-15 


14.06 


13-97 


13.89 


13-81 


13.72 


13.64 


13.56 
12.80 


17 


13.48 


13.40 


13-32 


13-25 


13.17 


13.10 


13.02 


12.95 


12.87 


i8 


12.73 


12.66 


12.59 


12.52 
11.87 


12.45 


12.39 


12.32 


12.25 


12.19 


12.13 


19 


12.06 


12.00 


11.94 


II. 81 


11.75 


11.67 


11.63 


11.57 


11.52 


ao 


11.47 


11.40 


11.34 


11.29 


11.23 


II. 18 


II. 12 


11.07 


11.02 


10.96 


21 


10.91 


10.86 


10.81 


10.76 


10.71 


10.66 


10.61 


10.56 


10.51 


10.46 


22 


10.42 


10.37 


10.32 


10.28 


10.23 


10.19 


10.14 


10.10 


10.05 


10.01 


23 


9.96 


9.92 


9.88 


9.84 


9-79 


9.75 


9.71 


9.67 


9.63 


. 959 


* 24 


955 


9.51 


9-47 


9-43 


9-39 


9.35 


9-32 


9.28 


9.24 


9.20 


as 


9.17 


9-13 


9.09 


9.06 


9.02 


8.99 


8.95 


8.92 


8.88 


8.8s 


26 


8.81 


8.78 


8.75 


8.71 


8.68 


8.65 


8.62 


8.58 


8.55 


8.52 


27 


8.49 


8.46 


8.43 


8.39 


8.36 


8.33 


8.30 


8.27 


8.24 


8.21 


28 


8.18 


8.16 


8.13 


8.10 


8.07 


8.04 


8.01 


7.98 


7.96 


7.93 


29 


7.90 


7.88 


7.85 


7.82 


7-79 


7.77 


7.74 


7.72 


7.69 


7.66 


30 


7.64 


7.61 


7-59 


7.^6 


7.54 


7.51 


7.49 


7-46 


7.44 


7.42 


31 


7.39 


7.37 


7.35 


7.32 


7-30 


7.28 


7-25 


7-23 


7.21 


7.18 


32 


7.16 


7-M 


7.12 


7.09 


7.07 


7-05 


7-03 


7.01 


6.99 


6.97 


33 


6.94 


6.92 


6.90 


6.88 


6.86 


6.84 


6.82 


6.80 


6.78 


6.76 


34 


6.74 


6.72 


6.70 


6.68 


6.66 


6.64 


6.62 


6.60 


6.59 


6.57 


35 


6.55 


6. S3 


6.51 


6.49 


6.47 


6.46 


6.44 


6.42 


6.40 


6.38 


36 


6.37 


6.3s 


6.33 


6.31 


6.30 


6.28 


6.26 


6.24 


6.23 


6.21 


37 


6.1Q 


6.18 


6.16 


6.14 


6.13 


6. II 


6.09 


6.08 


6.06 


6.05 


38 


6.03 


6.01 


6.00 


S.98 


5-97 


5.95 


5-94 


5.92 


5-91 


5.89 


39 


5.88 


S.86 


5-85 


583 


5.82 


5.80 


5.79 


5.77 


576 


5.74 


40 


5-73 


5-71 


5-70 


5.69 


5.67 


5.66 


5.64 


5.63 


5-62 


5.60 


41 


5-59 


S-S8 


5.56 


5.55 


5.54 


S-52 


S-5I 


5.50 


5.48 


5-47 


42 


5-46 


5-44 


5-43 


5.42 


5.40 


5-39 


5. 38 


5.37 


5-35 


5.34 


43 


5-33 


5-3' 


5-39 


5.29 


5.28 


5.27 


5.26 


5-24 


523 


5.22 


44 


5-21 


S-io 


518 


5.17 


5-i6 


5.15 


5.14 


5-13 


5-12 


5-10 


45 


509 


5-°8 


5-07 


5.06 


5.05 


5.04 


S-03 


5-01 


5.00 


4.99 
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Table lll—{CotUim4ed). 

DISPLACEMENT PER H.P. AT DIFFERENT M.E.P. 











Cubic Feet 


per Minute. 








M.E.P. 

























.1 


.3 


.3 


• 4 


•5 


.6 


.7 


.8 


• 9 


46 


4.98 


4.97 


4.96 


4.95 


4.94 


4-93 


4.92 


4.91 


4.90 


4.89 


47 


4.88 


4-87 


4.86 


4.85 


483 


4.82 


4.81 


4.80 


4.79 


4.78 


48 


4.77 


4.76 


4.75 


4.74 


4.73 


4.73 


472 


4.71 


4.70 


4.69 


49 


4.68 


4.67 


4.66 


4.6s 


4.64 


4.63 


4.62 


4.61 


4.60 


4-59 


50 


4.58 


4.57 


4.57 


4.56 


4.55 


4.54 


4.53 


4-52 


4.51 


4.50 


51 


4.49 


4.48 


4.48 


4-47 


4.46 


4.45 


4.44 


4.43 


4.42 


4.42 


52 


4.41 


4.40 


4.39 


4-3^ 


4-37 


^'^l 


4.36 


4.35 


4.34 


4.33 


53 


432 


4.32 


4-31 


4.30 


4.29 


4.28 


4.28 


4.27 


4.26 


4.25 


54 


4.24 


4.24 


4.23 


4.22 


4.21 


4.20 


4.20 


4.19 


4.18 


4.17 


55 


4.17 


4.16 


4.15 


4.14 


4.14 


4.13 


4.12 


4. XI 


4. II 


4.10 


56 


4.09 


4.09 


4.08 


4.07 


4.06 


4.06 


4.05 


4.04 


4.03 


403 


57 


4.02 


4.0I 


4.01 


4.00 


3-99 


3-99 


3.98 


3-97 


3.96 




58 


3-95 


3-94 


3-94 


3-93 


392 


392 


391 


390 


390 


3.80 


59 


3.88 


3.88 


3.87 


3.86 


3.8s 


385 


3.85 


384 


3.83 


3-^3 


60 


3.82 


3.81 


3-8i 


3.80 


3-79 


3-79 


378 


3.78 


3-77 


3.76 


6i 


3- 76 


3-75 


3-74 


3-74 


3-73 


3-73 


372 


3-71 


3-71 


3-70 


62 


3.70 


3.69 


3.68 


3-68 


367 


3.67 


3.66 


3.66 


3.6s 


3.64 


^3 


3.64 


3.63 


3.63 


3.62 


3-6i 


3.61 


3.60 


3.60 


3-59 


3-59 


64 


358 


3.58 


3-57 


3.56 


356 


3-55 


3-55 


3.54 


3-54 


3-53 


65 


3-53 


352 


3-5' 


3-51 


350 


3-50 


3-49 


3-49 


3.48 


3.48 


66 


3-47 


3-47 


3.46 


3.46 


3-45 


3-45 


3-44 


3-44 


3-43 


3-43 


^l 


3.42 


3-42 


3.41 


3.41 


3-40 


340 


3-39 


3-39 


3-3^ 


3-38 


68 


3.37 


3-37 


336 


3-36 


3-35 


3-35 


3-34 


3.34 


3 33 


3-33 


69 


332 


332 


3.31 


3.31 


330 


330 


329 


329 


3-28 


3.28 


70 


327 


327 


3.26 


3.26 


3-26 


325 


325 


324 


3-24 


323 


71 


3-^3 


3-22 


3.22 


3-21 


3-21 


3.21 


3-20 


3.20 


319 


319 


72 


3.18 


3- 19 


3-17 


317 


3-17 


3.16 


3-i6 


3- 15 


3-15 


314 


73 


3-14 


3- 14 


3-^3 


3'J 


3.12 


312 


311 


3" 


3" 


3- 10 


74 


3.10 


309 


309 


3.08 


3.08 


3.08 


307 


307 


3.06 


3.06 


75 


3.06 


305 


3-05 


304 


3-04 


3-04 


303 


303 


30c 


3.02 


76 


3.02 


301 


3-01 


3.00 


3.00 


3.00 


2.99 


2.99 


2.98 


2.98 


'^l 


2.98 


2.97 


2.97 


2.96 


2.96 


2.96 


2.95 


2.95 


2.95 


2.94 


78 


2.94 


2-93 


2.93 


2.93 


2.92 


2.92 


2.92 


2.91 


2.91 


2.90 


79 


2.90 


2.90 


2.89 


2.89 


2.89 


2.88 


2.88 


2.88 


2.87 


2.87 


80^ 


2.86 


2.86 


2.86 


2.85 


2.85 


2.85 


2.84 


2.84 


2.84 


2.83 


81 


a. 83 


2.83 


2.82 


2.82 


2.82 


2.81 


2.81 


2.81 


2.80 


2.80 


82 


2.79 


2.79 


2.79 


2.78 


2.78 


2.78 


2.77 


2.77 


2.77 


2.76 


83 


2.76 


2.76 


2.75 


2.75 


2.75 


2.74 


2.74 


2.74 


2.73 


2.73 


84 


2-73 


2.72 


2.72 


2,72 


2.72 


2.71 


2.71 


2.71 


2.70 


2.70 


85 


2.70 


2.69 


2.69 


2.69 


2.68 


2.68 


2.68 


2.67 


2.67 


2.67 


86 


2.66 


2.6() 


2.66 


2.66 


2.65 


2.65 


2.65 


2.64 


2.64 


2.64 


87 


2.63 


2.6^ 


2.63 


2.63 


2.62 


2.62 


2.62 


2.61 


2.61 


2.61 


88 


2.60 


2.60 


2.60 


2.60 


2.59 


2.59 


2.59 


2.58 


2.58 


2.58 


89 


2.57 


2.57 


2-57 


2.57 


2.56 


2.56 


2.56 


2.55 


2.55 


2.55 


90 


2.55 


2.54 


2.54 


2.54 


2.54 


2.53 


2.53 


2.53 


2.52 


2.52 
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Cubic Feet 


per Minute. 








M.E.P. 



























.1 


.2 


.3 


.4 


.5 


.6 


.7 


.8 


.Q 


91 


2.52 


2.52 


2.51 


^•5J 


^•51 


2.50 


2.50 


2.50 


2.50 


2.49 


92 


2.49 


2.49 


2.49 


2.48 


2.48 


2.48 


2.47 


2.47 


2.47 


2.47 


93 


2.46 


2.46 


2.46 


2.46 


2.45 


2.45 


2.45 


2.45 


2.44 


2.44 


94 


2.44 


2.44 


2.43 


2.43 


2.43 


2.43 


2.42 


2.42 


2.42 


2.41 


95 


2.41 


2.41 


2.41 


2.40 


2.40 


2.40 


2.40 


2.39 


2.39 


2.39 


96 


2.39 


2.38 


.2.38 


2.38 


2.38 


2.37 


2.37 


2.37 


2.37 


2.37 


H 


2.36 


2.36 


2.36 


2.36 


2-35 


2.3s 


2.35 


2.35 


2.34 


2.34 


98 


2.34 


2.34 


2.33 


2.33 


2.33 


2.33 


2.32 


2.32 


2.32 


2.32 


99 


2.31 


2.31 


2.31 


2.31 


2.31 


2.30 


2.30 


2.30 


2.30 


2.29 


100 


2.29 


2.29 


2.29 


2.28 


2.28 


2.28 


2.28 


2.28 


2.27 


2.27 



a mean effective pressure with anything like the degree of accuracy 
possible with steam, but the process or method in use with steam- 
engines will be followed here. As an oflFset it might be remarked 
that economies can be predicted better than in steam-engines. 

9. Standard Reference Diagram. — A standard reference dia- 
gram will be established and its mean eCFective pressure determined. 
Then comparison with this for any given case will give a factor 
which represents the percentage of the mean effective pressure of 
the reference diagram realizable in the actual engine of the class 
involved. The factor will be called, as in steam-work, the dia- 
gram factor and may be used in future design in connection with 
the mean effective pressure of the reference diagram to predict 
the probable pressure P that will result. 

The standard reference diagram will be taken as that indicator 
card which would result if pure air passed through the four phases 
of an ideal cycle, receiving the same amount of heat per pound of 
air working as does the pound of air and gas mixture in its com- 
bustion. Such a diagram is given in Fig. 6. 

The four ideal phases arc : 

(a) Adiabatic compression during which 

PV^^^C (15) 

up to the same compression as is used in the engine starting at one 
atmosphere, 14.7 lbs. per square inch and 62° F. This assumes 
no loss of charge by throttling. 
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(6) Heating at constant volume F=C to such a pressure as 
will result from addition of the heat available in one pound gas 
mixture to one pound air. 

(c) Expansion adiabatically PV^^^C to the same volume as 
before compression. 

(d) Pressure drop to atmosphere at constant volume F=C as 
would result either from cooling or exhausting. 

Construction of reference diagram begins with point -4, Fig. 6. 
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25 



SO 75 100 

Volume Cu.Pt. 



125 



150 



One pound air at 32® F. or 492° absolute has a volume of 12.387 
cubic feet at a pressure of 14.7 lbs. per square inch; hence at 62° F. 
or 522® absolute 

^22 

^«=^^"-3^7 = i3-i3cu. ft., 

492 

Pa = 14.7 lbs. per square inch. 

For any other point x on the compression line assume some 
pressure in terms of the initial pressure and find the corresponding 
volume by the formula 

^,=^«(^p=i3.i3(J;)" (16). 

This formula can be solved by logarithms, and by this method 
the following table was calculated. 
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Atmospheres, 




Cotnpressioii 
Volume, 


Compression 
Atmospheres, 




"^voTSr 


Px 


m"- 


Vx. 


Px (^ 


Pa\ •" 


^x. 


Pa 


Cubic Feet. 


^a (1 


^) • 


Cubic Feet. 


i-S 


.881 


11-57 


7-5 


239 


3" 


2.0 


.611 


8.02 


8.0 


228 


2.99 


2.5 


•5217 


6.85 


8.5 


219 


2.87s 


30 


.458 


6.01 


9.0 


209 


2.74 


3-5 


.411 


5-39 


9-5 


202 


2.65 


4.0 


.374 


4.91 


10. 


'188 


2.56 


4.5 


•343 


4.50 


10.5 


2.47 


5.0 


.319 


4.19 


II. 


182 


2.39 


5-5 


.298 


391 


"•5 


.177 


2.32 


6.0 


.281 


3.69 


12.0 


.171 


2.245 


6.5 


.265 


3.48 


".5 


.166 


2.18 


7.0 


•251 


329 









These results are plotted in Fig. 7, which if cut out and used as 
a template facilitates the work of laying out these curves very much. 



13 



10 



us 
t 9 



< 7 
5 6 



iHig. "^ 


A 


^ 


V ii 


^ 

V 




^v 


+ ^^ 




'^■— 





5 6 7 

Volume in Cu.Pt. 



10 



12 



The highest compression pressure, that for 5, should be the same as 
for the actual indicator card under comparison. 

10. Combustion Line for Reference Diagram. — ^The pressure 
rise along 5 to C due to heating will be determined solely by the 
amount of heat given to the one pound of air. 

Let Q=«B.T.U. given to one pound air. 

Then 



But 






(17) 



T,' 
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+1, 






hence 



P, _ R_ . 



R =778(C,-C.), 



•AW 



^^s{n- 1) 

— where P is in lbs. per sq. ft. 



m 



= 2.2 



From which, by substitution in (19), 
2.2 Q 



P^-P^-yp-— , y- lbs. per square mch. 
The ratio 



m 



(18) 
(19) 



(20) 



(21) 



Q^ B.T.U. per lb. mixture 
K^"" Cubic feet per lb. mixture 

= B.T.U. per cubic foot mixture. . . • (22) 
Let iI==B.T.U. per cubic ft. gas products hot; 
a' = cubic ft. air to bum i cubic ft. gas; 
n= cubic ft. neutral added; 
n + a'-hi = cubic ft. of mixture containing i cubic ft. gas. 

Then i cubic ft. mixture is made up of -- , — cubic ft. gas 
and ■ , cu. ft. air, and the heat per cubic ft. mixture is given by 

l\ n + a' + i' (23) 
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in which the gas shall not exceed the critical amount that the air 
will support. 
Hence 

^'^^^[F^^n^a'^i ^^^^ 

The quantity in parenthesis can be obtained from the table 

already given, and the value of , -- can be found from the table 

of these values, or can be calculated from the chemical compo- 
sition of the fuel. If the combustion take place before com- 
pression, P^^P^\ hence 

P-P =2.2— ^— (25) 

When the neutral is to be derived from the burnt gas in the clear- 
ance, it will be best to take the volume n equal to the clearance 
and at same temperature as the mixture, which was 62® F. 

In this case n becomes nf and 



a' + i V-V 



b 






Hence p p _ ^-^ ^ 



' i/r<M'*v^yi) 



2.2 H 






= 2.2/ 



(p \ •'' . . 

^j for any compression have been given m 

^ H 

Table IV, while for some characteristic gases -,— - is given in Table 

V, but this ratio should always be calculated for each special case. 
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Table 



GAS 



H 

o'+x 



B.T.U. PER CUBIC FOOT GAS AND PER 

Air required per 



CO 



CH4 



C,H4 



Cannel-coal eas. . . 
Common-cosd gas. , 



Carbureted water-gas. 



Coke-oven gas. 
Oil-gas ♦ 



Natural gas. 



Uncarbureted water-gas. 



Producer-gas, little steam 



Loomis Pettibone coal. . 
** .** wood. 
Dowson gas, average. . . 
Taylor gas, average. . . . 
Mond gas 



Blast-furnace gas. 



27.7 
39-78 
47-9 
46.0 

50.1 

47.73 

52.9 

525 

44.4 

21.8 

18.4 

22.6 

29.6 

340 

530 
5.6 

243 
1-7 
1.4 
2.14 
1.84 
2.01 
2.50 
2.18 

49-55 

51.8 

49.17 

49 50 
9.2 

-T7.8 

8.37 
6.9 

8.5 
6.8 

5-3 
14.0 
14.0 
18.0 
21.0 
29.0 
28.5 

30 



6.8 

7.04 

6.0 

7.5 
6.0 

6.15 

7.18 

50 

5-2 

28.1 

14.8 

29.2 

28.33 

330 

6.0 

8.9 



0-55 
0.60 
0.44 
0.41 

0.73 
0.40 
0.50 
45 89 
43-4 
43-75 
35-93 
25-3 
24.0 
22.74 
20.8 
24.8 
22.1 
20.0 
20.0 
20.0 
25.0 
12.0 
12.0 
II-5 
27-5 



50.0 

45 -16 

33.3 

39-5 

38.0 

35-6 

31.80 

34.0 

37-1 

30- 7 

30.7 

31-9 

24-42 

15.0 

35.0 

54.9 

58.3 

94.16 

93-57 
93.85 
93-35 
93.07 
92.67 
92.6 



0.31 

1-05 

3-1 

3-4 

2.56 

2.2 

5.2 

3.74 

3-0 

2.0 

2.0 

3-0 

2.0 

2.0 

2.1 



13.0 
6.38 

12.3 
3-8 
4.0 
4.88 

5.0 
4.0 

2.3 
12.9 
21.2 

3-4 
16.12 

12.5 

2.0 

28.9 

17.4 

0.30 

0.15 
0.20 

0-35 
0.47 
0.25 
0.31 



0.8 

0.4 

0.36 

0.20 

0.40 

0.34 
0.20 
0.20 
0.20 



♦ Gasolene vapor when not used in carburetors requiring vacuum, and kerosene 
vapor when not injected as liquid or requiring vacuum for aspiration, may be taken the 
same i\s this oil-gas. 
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V. 

CHARACTERISTICS. 

CUBIC FOOT OP MIXTURE, HIGH AND LOW. 

cubic foot of gas. 











Gas. 


Mixture. 








Cubic Feet 


B.T.U. per 


Cubic Foot. 


B.T.U. per 


Cubic Foot. 




COa 


N 


of Air_per 
Cubic Foot 










o 
















of Gas. 






H „. 


H 










Hi«h. 


Low. 


^m:7«^^- 


a'+x^'^- 




0.1 


2.4 


6.50 


843 


762 


98.2 


85.7 


0.06 


1.08 


0.50 


6.38 


727 


651 


98.5 


83.1 


05 






6.29 


723 


650 


99.1 


89.1 


O.I 


0.6* 


2.5 


S.62 


650 


579 


98.2 


85-71 


.... 




2.0 


5-51 


644 


514 


98.05 


87.08 


0.31 


1. 41 


3.9 


5.73 


628 


569 


93.3 


84.7 






2-5 


5.21 


610 


544 


98.2 


87.7 


0.05 




4.0 


5". 


608 


540 


99-5 


88.4 


I.I 


1-3 


8.6 


5 05 


586 


521 


96.7 


86.1 


0-5 


3.8 


2.2 


6.00 


702 


635 


100.3 


90.7 




4.6 


9-3 


6.80 


782 


704 


100.2 


90.2 


o.*6" 




^•^. 


6.22 


714 


659 


96.1 


91.2 


0.21 




1.76 


6.04 


705 


646 


100. 1 


91.7 


.... 




6.0 


4.85 


579 


532 


98.9 


90.9 




2.0 


2.0 


5.06 


620 


524 


102.3 


86.4 


.... 


0.9 




9.78 


1085 


994 


100.7 


92.2 


.... 






8.68 


967 


875 


100. 


90.4 


0.30 


0.29 


2.80 


9.13 


989 


888 


97.6 


87.7 


0-55 


0.30 


342 


9.04 


980 


880 


97.3 


87.6 


0-35 




2.98 


9- 03 


986 


885 


98.3 


88.2 


0.39 




341 


9.06 


982 


882 


97.6 


87.7 


0.42 


0.26 


3.02 


9.06 


982 


883 


97.6 


87.8 


0-35 




3-53 


9.00 


975 


876 


97.5 


87.6 


0.34 


*i!6" 


3-6i 


9.46 


974 


876 


93-1 


83.9 




3.87 


0.71 


^•^§ 


315 


289 


94.6 


86.8 




350 


1-30 


2.28 


314 


287 


95-8 


87.5 


.... 


2.71 


4.06 


2.26 


310 


284 


96.3 


87.1 . 




4.25 


8.75 


2.10 


295 


265 


92.2 


82.8 




3-4 


58.2 


1.24 


160 


150 


75-0 


67.0 


ois' 


6.0 


55.6 


1.18- 


^53 


.^45 


70.2 


66.5 


0.54 


5-3 


60.13 


1.02 


135 


127 


66.8 


62.8 


0.40 


4.6 


64.9 


0.90 


118 


III 


62.1 


58.3 


0.40 


S-6 


55. 1 


'■^§ 


172 


160 


73-2 


68.1 


0.40 


4.84 


61.68 


1.08 


139 


131 


66.9 


63.0 


0.40 


3-6 


67.5 


.91 


118 


"3 


61.2 


59.2 


0. 10 


8.2 


55-5 












O.IO 


16.0 


47-7 














70 


47.0 


'■^2 


119 


115 


51.4 


49.6 


30 


6.0 


57. 


.98 


130 


116 


65-5 


59.0 




14.5 


42.5 


1. 17 


156 


139 


71.9 


64.0 


.... 


150 


42.9 


1. 16 


154 


137 


71.3 


63.4 


.... 


10. 


59-4 


.81 


100 


99 


55-3 


54.8 



Digitized by V^OOQIC 



26 



GAS-ENGINE DESIGN. 



When the analysis of gas is unknown, but the kind of gas only, 
the high and low limits for the various constants, based on high 
and low heating power, should be taken and calculations based on 
both. The result sought will then lie between the two limiting results. 

If only a partial analysis of any one kind of gas is possible, a 
fair result may be obtained by finding which of the analyses given 
contains the elements found in about the same proportion. 

The common Orsat flue-gas apparatus will determine CO, 
O, and CO2 in a gas; and should this be a carbureted water-gas, 
the rest of the analysis can be assumed with sufficiently accurate 
results for engine-work by comparing with characteristic similar 
gas compositions. The difference between high and low values 



of H and 



H 

a' + i 



is due to the heat of condensation of so much steam 



as results from burning the hydrogen in one cubic foot of gas. 

II. Fuel Characteristics. — In finding these tabulated properties 
needed for the thermal calculations on the gas-engine the follow- 
ing method of procedure has been followed. Heat per cubic foot, 
products hot and cold are found from values per pound of fuel 
given by J. Thompson, which are multiplied by the weight per 
cubic foot of the elementary gases, giving the results in Table VI. 

» Table VI. 



Fuel. 


B.T.U. per Poxmd. 


Pounds per 

Cubic Foot at 

6a»F. 


B.T.U. per 


Cubic Foot. 




High. 


Low. 


High. 


Low. 


H 
CO 
CH, 
C,H, 


61524.0 

4395-6 

2402 1 . 

21222.0 


51804.0 

4395-6 

21592.8 

19834.2 


.00538 
.07498 
.04308 
.07631 


331-0 

329 58 

1037.22 

1619.45 


278.7 

329-58 

932.38 

1513-55 



Volume of air per cubic foot gas is determined from the products 
and law of combination with oxygen to form those products. This 
volume of O found, when multiplied by 4.8 gives the air necessary 
on the assumption that 21% air is oxygen. 
This gives 

H one cubic foot requires 2.4 cu. ft. air. 
CO '' '' '' '* 2.4*' *' ** 

CH4 '* '* '' '' 9.6'' '' '* 



C,H, - 



It 









14.4 
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To illustrate the application of the above to the finding of the 
quantities in Table V from the gas analysis take as an example the 
natural gas of Table VII. 

Table VII. 



Sample Natural Gas. 


Volume in 100. 


B.T.U. Cubic 
Feet High. 


B.T.U. Cubic 
Feet Low. 


Cubic Feet 
Air. 


H 


2.18 

0.50 

92.60 

0.31 
0.26 
3.61 
0.34 


721.58 
164.19 

95506.57 

502.03 








607.57 
164.19 

86338.39 

479-21 








523 
1 . 20 


CO 


CH. 


888.96 
4.46 


r H. 


CO, 


N 







-1.63 




Tota( natural gas. . . 


100.00 


96894.97 


87589.36 


898.22 



The second column gives the cubic feet of each element in ico 
cu. ft. gas, the third and fourth column is obtained by multiplying 
this by the B.T.U. per cubic foot of the elementary gas given by the 
previous table. The fifth column results from multiplying the 
second column by the air required per cubic foot elementary gas; thus 
for H, 2.18X2.4 = 5.23. The totals show that for one cubic foot of 
this natural gas, there will be developed 968.95 B.T.U. products 
cold or 875.89 B.T.U. products hot, and that there will be needed 
8.98 cu. ft. of air to bring this about. 



Hence the ratio 



H 
a' + i 



968.95 875.89 

becomes^ — ^==97.09 high and -^^77- 
9.98 ^'^6 9.98 

==87.78 low! In this way the rest of the values given in table 
V were obtained. 

12. Pressure Ratios Observed and Calculated. — Pressure ratios 
observed on indicator cards will bear to the corresponding pres- 
sure ratio for the standard reference diagram a fairly constant 
relation. A few values are here presented. Means for finding 
these theoretic ratios have been given by substitution of the tabular 
quantities in the formula 



(28) 



As only the low heat value is liberated in the cylinder all com- 
parisons should be made on this basis. 
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Gas Used. 



Blast-gas 

Mond gas 

Carbureted water-gas. . 

Coal-gas 

Natural 

Gasolene vapor 

Gasolene in carburetor, 

Kerosene vapor 

' * injected 



Compression, Pounds 
Square Inch Absolute. 



184 

120 

no 

90 

60 

60 

100 

"5 

75 

40 

75 
65 

50 



Observed Pressure Ratio, 
Air-card Pressure Ratio. 



58% 

60% 

i;l 

56% 

58% 
40% 
60% 
40% 



It will be found in general that the ratio of pressures on the card 
will vary from 50-65% of air-card ratios when ignition is right, 
mixture with no excess of air or gas, no back pressure, no suction 
throttling, and the engine fairly free from leaks. To find the air 
card ratio the B.T.U. per cubic foot gas and the cubic fdot air re- 
quired must be known with the compression pressure. It must be 
noted in connection with these pressure ratios that when the indicator- 
card is inclined on top, as in Fig. 8, no pressure ratio for increase 











Fig. 


8 








^ 








"^ 










'<^ 
















^ 



at constant volume can be obtained. The same is true of cards 
with wave tops like Fig. 9. In the latter case approximate ratios can 
be found by drawing a mean curv^e midway of crests and hollows. 
No extension of the expansion curve A in Fig. 10 can give the 
result. For if the pressure rise had occurred at constant volume, 
giving a true vertical explosion line, or nearly so, the expansion line 
would have fallen below as in Fig. 10, curve B, provided the differ- 
ent lines result from mixture or ignition changes and not from 
throttling effects. With a combustion line but slightly inclined 
from the vertical, as in Pig. 10, cur\'c 5, the pressure ratio measured 
at i/io or 2 /to stroke is usually a fair value. 
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The rest of the diagram, that is, the expansion curve, can easily 
be drawn, as the pressure ratio is the same for all points. This means 



/ 


A 






Fii 


. 










240j- 
160 j- 


/ 


\ 
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/^ 
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^" 




-^ 














^ 

































that the ratio of pressures measured on the same ordinate from zero 
to compression and expansion curves is constant when the equations 
are both the same, as in this ideal case. Fig. 6. 



p,~Ps p: 



(29) 



h 








Tlfs. 
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^ 



Take, for example, a coal-gas compressed to four atmospheres, 
or 58.8 lbs. sq. in. absolute. 

The final compression volume is given by 

Fj, = 13. 13 ( - ) = 4.91 from the tables. 
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The pressure increase for at 5^ to i mixture will be at this com- 
pression. 

P^—Pf, = 2,2l—;^ — ^)X7 — "=310 (approximately) lbs. sq. in., 

the pressure ratio being 5.3 approximately for every point on expan- 
sion and compression line lying on the same vertical. 

The desirability of construction of the ideal reference diagram 
les in the necessity for calculating the probable forces acting on 
the mechanism for all points of the stroke and the variations with 
conditions. This will be taken up and applied later. At present, 
for power calculations, it is not actual forces acting behind the 
piston that are needed but the mean force per stroke, which can be 
found only after the reference diagram is established. Having 
done this, the main issue of mean effective pressures may be taken 
up for, first, the ideal diagram, and next, the fraction of this usually 
realized in practice. 

13. Mean Effective Pressure by Reference Diagram. — It is well 
known that the efficiency of this ideal Otto cycle or standard refer- 
ence air diagram is given by 



-©""■ 



-'-iPJ 



n 



(30) 
(31) 



W _ Work done 
"'O'^Heatlupplied ^^^^ 

The work done is also given by the equation 

TF-(M.E.P.yx(F,-F,) foot-pounds, 

where (M.E.P.)' is pounds per square foot. Expressing M.E.P. 
in pounds per square inch and work in B.'T.U. to conform to the 
expression for heat supplied, 

TF"-^M.E.P.(V,-V,); 
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hence 

M.E.P.-f^(.-(J;)^) (33) 

But K,-K..K.(,-f>)-K.(-(0"). 

If now the mixture under treatment be one pound, then the 
following relations hold: |^-=B.T.U. per cubic foot of mixture 

' a 

at atmospheric pressure, and from formula (23) 

Q_ iL_ 

V, n + a' + i 

Also, Vg—Vj's displacement per pound of working gases. If the 
neutral comes from the clearance and has a temperature equal to T^ 
the amount is given by formula (26). Giving V^ its value, 

Vt , ,^ . a' + i a' + i 



^^- iW- 



Substituting in y-, there results 



. (r- 



/t'O-t 



vra'+i -^ ^34) 



m 



Substitution of this in equation (33), there results for mean 
effective pressure by the reference diagram 



M 



-■^-^-^iHpy] ■■■■ <«' 
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The quantity in brackets is a function of compression only, and 
calling it C when multiplied by 5.4, 



M.E.P.«C 



H 

a' + i' 



To facilitate calculation a table of C values is given in Table VIII. 
Table VIII. 



Compression in 


a\ •'« 


Mean EfTective Pressure 




/f 


Factor C- 


Atmospheres. 


Pounds p?r Square \ ^ 

Inch Absolute. 


^) 




3 


44.1 


727 


1.474 


4 


58.8 


669 


1.787 


5 


73-5 


627 


2.014 


6 


88.2 


595 


2.187 


7 


102.9 


569 


2.327 


8 


117. 6 


547 


2.446 


9 


132.3 


527 


2.554 


10 


147.0 


513 


2.630 


II 


161. 7 


498 


2. 711 


12 


176.4 


486 


2.77s 



These constants are plotted in a curve, Fig. 11, from which the 
air-card constant can be read for any compression. 



3.0 
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|.2.0 
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2 3 4 5 6 7 8 9 10 11 12 

Compression in Atmospheres 

14. Practicable Compression Pressures. — During compression 
gases become hot, and when enclosed in cylinders with walls 
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cooled by water and with valves, igniters, and pistons all un- 
equally warm, just how hot the gases will get will depend on the 
conditions of each special case. But, in any case, if the compres- 
sion be carried high enough the mass will ignite itself. It is not 
necessary for such an explosion that the entire mass be at the tem- 
perature of ignition: one point raised to this temperature will 
suffice. An uncooled part, such as the center of the piston-head, 
may become hot enough to cause ignition at much lower pressures 
than would be necessary for the temperature of the rest of the 
walls, so that the limiting compression pressure depends for any 
given gas on the temperature of the hottest part of the metal in 
contact with the gas. 

Different mixtures of any one gas, and the same mixture of dif- 
ferent gases, permit of different compressions without this self -igni- 
tion, or preignition as it is best called. Very weak gases, that is, 
gases high in neutral, may be compressed higher than rich ones; thus 
furnace-gases may be compressed easily over one hundred and fifty 
pounds, while kerosene may never reach one hundred. Gases rich 
in hydrogen generally preignite easily; approximately one atmos- 
phere should be deducted from the compression allowable with no 
hydrogen, for each 5% of hydrogen present. 

The initial temperature of the air-gas-neutral mixture will have 
a most direct influence on the allowable compression; hence engines 
that scavenge with cold air either by design or by the action of a hit- 
or-miss governor on light loads permit of higher compressions than 
engines retaining always hot burnt gases in the clearance. High 
compression permits of the easy burning of gases, so diluted with 
neutral that they will not bum in the open air, and thus makes it 
possible to use very weak gases as fuel for engines. High compres- 
sion before ignition will give more work with the same fuel, hence 
greater economy; similarly the mean effective pressure will be 
increased so that from the point of economy and power the higher 
the compression the better. 

Recognition of this has brought forth many devices to permit of 
increased compression. Water injected into the cylinder either sepa- 
rately or mixed with the fuel, such as alcohol for example, has proved 
successful. Inward-projecting water-tubes, deliberate addition of 
excess air or neutral burnt gases or steam, have also been used, and 
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all have been successful when properly applied, which is sometimes 
difficult. Such devices will be termed special, and with them the 
present work is not concerned. The legitimate method for increased 
compression in standard apparatus is to water-jacket thoroughly all 
parts in contact with the gases, such as piston-heads, ignitor-points, 
and valve-faces. All pockets that might harbor burnt gas must be 
eliminated as well. This is practiced only in large engines, how- 
ever, in which also the weaker gases are used. 

Ignition must be varied with speed, the faster the speed the earlier 
in the stroke should ignition take place; hence increase of speed is 
another legitimate means of increasing the allowable compression. 
In a certain kerosene -engine it was found practicable to increase 
compression from 55 lbs. to 85 lbs. by changing speed from 200 to 
450 R.P.M. By air dilution from a compressor after suction had 
ceased, the compression on coal-gas was by Mr. Clerk raised from 
145 to 215 lbs. per square inch. By using dilute alcohol, compres- 
sion can be raised from 60 to 115 lbs. Many similar examples can be 
given for special cases, but these do not represent average practice. 

Average practice will lie between limits which are indicated for 
the different fuels, and some of the conditions of working which are 
often contradictory will be indicated also. 

Gasolene. — ^The compression in automobile engines varies from 
45 to 95 lbs., with average practice at about 65 lbs. This is by the 
use of carburetors which cool the charge and not very cold circu- 
lating water, but with high speeds. These figures are in pounds 
per square inch above atmosphere. In engines of the slower-speed 
stationar}' class, with however more efTicient cooling, though with 
not such simple breech ends, the compression will vary from 60 to 
85 lbs., with the average about 70 lbs. In these latter engines the 
gasolene is usually prevaporized or used in a carburetor or spray 
requiring very little vacuum. 

These engines are all too small to use water-cooled pistons and 
valves. Ver)' often in these small engines the compression will be 
kept down to permit of easy turning on starting, but nothing under 
40 lbs. is used. 

Kerosene. — When used in hot-bulb injection and ignition- 
engines compression will vary from 30 to 75 lbs., depending chiefly 
on the speed, which should vary from 250 R.P.M. to 500 R.P.M. 
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for the small engines in which it is used. When previously vapor- 
ized in a device not requiring a vacuum the compression should vary 
from 45 to 85 lbs., the speed having an influence, the average being 
65 lbs. Comparatively few engines are built for this class, as the 
vaporizers are few and troublesome. 

Natural Gas. — ^Natural gas is important chiefly in larger engines 
than those working on gasolene and kerosene^nd compressions from 
75 to 130 lbs., depending on speed and the efficiency of the cooling 
of the valves and piston, are used, the average being about 115 lbs. 
for the medium and large engines using this fuel. 

City Gas. — City gas will be either a coal-gas or carbureted water- 
gas, generally the latter. For the engines ordinarily used the 
compression will vary from 60 to 100 lbs., with the average at 80 
lbs. These engines are seldom large, as it is not economical to gen- 
erate over 75 H.P. in most cases from city gas, and being small they 
are not water cooled on piston and valve faces. 

Producer-gas. — Producer-gas varies considerably in composition, 
heating power, and hydrogen, so the limits of compression are 
fairly wide, 100 to 160 lbs., with gases containing from 5% to 18% 
hydrogen, and those with water-cooled piston and valves higher. 
Most producer-gas engines are large, and all the latest types are being 
fitted with such jackets. This will probably raise these limits as 
well as the mean, which is now about 135 lbs. 

Blast-gas. — Waste gases from blast-furnaces vary in composi- 
tion and heating power as do the producer-gases, but contain but 
little hydrogen. In fact, the blast-furnace is but a special form of 
producer. The gas is weak from excessive dilution by N and CO 2, 
and suffers compression from 120 to 190 lbs., with the average at 
155 lbs. Practically all blast-gas engines are large, developing in 
the neighborhood of 1000 H.P., and have water-cooled surfaces to 
pistons and valves when not two-cycle and valveless, and they are 
all of slow speed, not over 100 R.P.M. 

15. Observed Mean Effective Pressure. — ^The following short list 
of some observed mean effective pressures gives in each case the aver- 
age high values for the method of working. There are many ways 
in which the mean effective pressure of an engine can be lowered 
and only one best set of conditions that will produce the high- 
est mean pressure. As these pressures are reported by different 



Digitized by V^OOQIC 



3^ GAS-ENGINE DESIGN. 

persons, there is no assurance that all are taken under the best cir- 
cumstances; in fact it is certain they were not. Some of these 
detrimental conditions will be noticed later. It should be noted 
also that abnormally high mean pressures are obtained at times 
and cannot be continued. These values are selected at random and 
are not necessarily representative, but were all determined by test. 



MEAN EFFECTIVE PRESSURES ON KEROSEN^ 


Absolute 


Observed 


Compression. 


M.E.P. 


46 


40 


63 


69 


65 


68 


68 


40 


70 


72 


50 


35 


55 


85 


MEAN EFFECTIVE PRESSURES 0\ GASOLENE. 


Altoolute 


Observed 


Compression. 


M.E.P. 


66 


106 


70 


75 


75 


100 


86 


70 


86 


72 


95 


60 


EAN EFFECTIVE PRESSURES ON NATURAL GAS 


Absolute 


Observed 


Compression. 


M.E.P. 


"5 




127 


68 


130 


82 


135 


90 


MEAN EFFECTIVE PRESSURES ON CITY GAS. 


Absolute 


Observed 


Compression. 


M.E.P. 


45 


45 


60 


80 


66 


95 


91 


90 


70 


60 
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MEAN EFFECTIVE PRESSURES ON PRODUCER-GAS. 



Absolute 
Compression. 

103 ("5) 
108 


Observed 
M.E.P. 

63 
88 


125 


51 


141 


83 


170 


73 


95 


100 


95 
90 


90 
62 


"5 


103 


MEAN EFFECTIVE PRESSURES ON BLAST-GA& 


Absolute 
Compression. 


Observed 
M.E.P. 

60 


140 


47 


140 




155 
184 


81 



It is believed that the presentation of these figures will demon- 
strate most conclusively the difficulties surrounding the proper 
estimate of probable mean effective pressure and the care and expe- 
rience necessary for success. 

16. Diagram Factors. — Wherever it is known, the heating power 
of the gas and its necessary air permit of the calculation of the effec- 
tive pressure of the reference air-card for an engine. This com- 
pared with the real, observed, mean effective pressure gives the 
diagram factor. The diagram factor then represents the percent- 
age of work possible by the standard reference air-card that was 
produced by the engine. It is also a measure of the efficiency of 
the engine on the basis of the air-card engine as unity. 

The mean effective pressure of the air-card continuously in- 
creases with the compression but in practice this result is not 
attained, or at least the rate of M.E.P. increase with compression 
becomes less as the compression increases. 

Comparisons of great numbers of cards with the air-card have 
shown that in general the diagram factor decreases with compression. 
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This does not seem to be so, however, for kerosene previously vapor- 
ized, though for what reason is not known. The following values 
represent jair averages: 

Diagram factors for kerosene lie between 30% to 40% for com- 
pression varying from 45 to 75 lbs. when vaporized previously, but 
when injected on hot bulb may run as low as 20%. 

Diagram factors for gasolene lie between 25% to 40% when 
used in carburetors requiring a vacuum, depending on the extent 
of this vacuum. Gasolene 50% to 30% for compressions varying 
from 80 to 130 lbs., and used with but little initial vacuum. 

Diagram factors for producer-gas lie between 56% to 40% for 
compression var}Mng from 100 to 160 lbs. 

Diagram factors for coal-gas lie between about 45% average 
for compression, about 80 lbs. mean. 

Diagram factors for carbureted gas from lighting-mains are about 
45% average for compressions varjdng from 60 to 90 lbs. 

Diagram factors for blast-gas on compressions varying from 130 
to 180 lbs. vary from 48% and 30%. 

Diagram factors for natural gas on compression from 90 to 
140 lbs. lie between 52% to 40%. 

The diagram factors for two-cycle power cylinders may be taken 
as 0.8, that for four-cycle cylinders. 

In selecting the factor to be applied in any particular case the 
designer must use judgment. There is in fact no designing possible 
no matter how perfect the theory nor how complete the tabular 
results of tests, that does not involve this element of personal expe- 
rience with its resultant ripe judgment. 

17. Causes of Lowered M.E.P. — A reference to the indicator 
cards presented later will show variations cf form and area result- 
ing from different conditions, and it is by reason of these condi- 
tions as evidenced by the cards that mean effective pressures are 
lowered from the best possible with the compression and fuel to 
nothing at all. These detrimental causes are of three classes: 

Class I. Those that change the weight of the cylinder charge. 

Class 2. Improper treatment of full charges. 

Class 3. Improper treatment of partial charges. 
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FIRST CLASS. 

The weight of charge may be lessened by : 

Too small an opening in the suction passages acting throughout 
the whole or a part of the stroke. 

Improperly set valves. 

Too heavy a spring on an automatic suction-valve. 

Too small a valve diameter. 

Too small a valve-lift. 

Very crooked passages. 

Governor action. 

Too much back pressure-preventing entrance of new mixture. 

Sudden increase of back pressure due to exhaust of one cylinder 
which is just beginning to exhaust, blowing back into another cylinder 
whose exhaust is just closing. 

Heating of incoming gases by burnt gases in clearance or hot pas- 
sages. 

Too high a speed. 

Improper capacity of suction-chamber in two-cycle engines. 

Improper cam curves or proper cam curves improperly set. 

SECOND CLASS. 

Leaks. 

Improper mixture, giving a slower rate of propagation for the 
same piston speed, making a flat-top diagram. 
Proper mixture with too high a piston speed. 
Too early ignition. 
Too late ignition. 

Improper mixture and ignition together. 
Improper release of gases when too early. 
Not the best compression pressure. 
Poor form of clearance or breech-end. 

THIRD CLASS. 

This class by the double action of the first two will produce 
results doubly intense, and mixtures may be too slow burning, 
ignition wrong, and only partial charges present ; so with all these 
actions the mean effective pressure can be only very low. 
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i8. Mean Effective Pressure and Horse-power Formulas. — Either 
through ignorance of the various influences or conditions that aiOEect 
the mean effective pressures or by giving the effect of these influ- 
ences a numerical value for some particular case, formulas have 
been proposed for the horse-power of gas-engines that are quite 
simple in form. Some of these formulas are quite legitimate, but 
some cannot be justified. Some of these will be set down and 
compared. 

Frederic Grover has proposed the formula 

P = 2C-.oiC2, (37) 

where C is the compression pressure in pounds per square inch 
above atmosphere. 

This formula neglects absolutely any of the fuel characteristics 
and therefore can be applied only to one fuel rationally with the 
constants given. A change of constants would be necessary for 
adaptation to another fuel. 

The following mean effective pressures result from the formula 
for the compressions given: 



Compression 


(P) by Grover 


above Atmosphere. 


Formula. 


40 


64 


60 


84 


80 


106 


ICO 


100 


120 


96 


140 


84 



This formula expresses the fact that on too high a compression 
the mean effective pressure will fall off, but expresses the result 
too arbitrarily to be trusted; it might, however, be adapted as sug- 
gested by change of constants to fit conditions. 

A formula for I.H.P. as given by several writers is 




i-«-^- ^ ^ ' ■■ ■ ■ ■ (38) 
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when d = diameter piston in inches, 

/-stroke in inches, 

c« clearance volume -^ piston area in inches, 
JV-R.P.M., 
l+c total cylinder volume 
c ^ clearance volume 

Rewriting and equating with the regular formula for four-cycle 
single-acting cylinder, 

9160 4 33000 

Here / « 1 2Zr, d^ = — ; hence, calling 



c 




l+c 






v.-vX 




)xi2X4 


I 


p 




9160 X;r 




33000 



or putting all the constants in one C, 



(^)te)'-) 



P~C 

/-/ 'a £_h 

-^v^-v,p^ 



if the expansion and compression lines had the exponent 1.33 =n, 
which, when compared with equation (35), will be found to be the 
same with the exception of the term containing the fuel characteristics. 

Thus this formula is incomplete as it stands, but by proper con- 
stants may be made to fit the case of any fuel for a limited range. 

The larger number of formulas have the form 

B.H.P.=3/rf2/j/ (39) 
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where If is a constant, values of which are proposed by a good 
many engineers here and abroad. The formula as it stands involves 
three assumptions, none of them true : 

1°. That mechanical efficiency or the ratio of indicated to brake 
horse-power is always the same. 

2°. That P is independent of compression. 

3®. That P is the same for all fuels. 

By having a set of constants for each fuel the case is better, but 
not much. Such formulas, while easy to remember, are apt to deceive 
by making the case seem simpler than it is, and by giving results 
that sometimes happen to come right, thus giving confidence to 
the designer only to lead him to failure in another case with diflferent 
conditions. 

19. Cylinder Diameter. — ^The first step in determining the cylinder 
diameter for a given power is to decide on the number of cylinders, 
and in many cases, in fact in most cases, this will depend largely on 
questions of uniformity of turning effort and balance needed, as this 
calls for multiplication of cylinders, while cost of building demands as 
few cylinders as possible. It will be well to find the diameter and 
stroke for one, two, three, four, etc., as may be required and select 
the dimensions and number after the question of balance and turning 
effort has been decided. 

Formula (8) gave for four-cycle engines 



Putting 



I.H.P. - 


1 PaS 
4 33000' 


7rd2 
a- — 
4 


= .7854*, 


I.H.P. - 


.7854^^25 



4X33000' 



from which 



.-J 



l^''5?OxI^J (^> 



.7854 PX5 
for a single foxir-cycle cylinder, and for a two-cycle cylinder 



^-J--1 



33000 I.H.P. 

854 ~^~PxS (^^> 
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This will give a diameter of cylinder for the indicated horse- 
power required when mean effective pressure and piston speed 
are determined. 

20. Overload Factor. — ^In a gas-engine there is no means of carry- 
ing more load than the maximum resulting from its dimensions 
and the mean pressures due to the combustion. By making the 
cylinder a size larger than is necessary to carry the rated or normal 
load, an overload can be carried. If the overload to be provided 

for is a% of the normal I.H.P. the engine will give ( i + j I.H.P* 



t°N/(^+i^)^ 



and the diameter must be increased to >J(i+m) times the no- 

-overioad diameter. 

Let a =% overload to be provided for, then for four-cycle cyUnder 



d-^ 



fi+— )lh.p. 



.7854 PXS 

and for a two-cycle cylinder 



4X33000 , ^^^. 

P V 9 , . . . . (42/ 



d-si 



Gxj^)^-«-^ 



.7854 Pxs • • • • W3; 



The nearest reasonable dimension to d should be chosen so as 
to give an even number of sixty-fourths or hundredths. 

21. Stroke. — ^The stroke is given by the relation between piston 
speed and R.P.M., but the stroke thus determined may be any- 
thing, as R.P.M. varies and must be checked by the ratios of stroke 
to diameter usually practiced. 

/ . 
This ratio of -y will always be between 1.0/ and 2.0, and it 

makes but little difference just what value in these limits is used 
except for questions of convenience. 

For automobile engines the ratio will vary from i.o to 1.3. 

Small stationary engines usually have a little larger ratio, say 
from 1.2 to 2.00, while very large engines use ratios lying anywhere 
within the limits. 



Digitized by V^OOQIC 



44 GAS-ENGINE DESIGN. 

The exact value of the ratio will, of course, be such as to give a 
convenient number of inches and fractions to both stroke and diam- 
eter. 

Some dimensions of engines already built, selected at random, 
will illustrate this point: 

Size. RaUo j. Number of Cylinders. R.P.M. 

4j X5i 1.2 4 single-acting four-cycle 900 

6X9 1.5 2 '' '' 250 

SJX12J 1.6 I '' " 300 

iiiX2i 1.7 I '' *' 170 

20.08X25.56 1.3 I double-acting four-cycle 150 

25 X25 i.o I single-acting four-cycle 180 

29X40 1.4 I ** ** no 

40.55 X51. 24 1.3 I double-acting four-cycle 90 

22. Performance, Economy, and Thermal Efficiency. — ^The per 
cent of heat supplied to an engine that is transformed into work is 
the thermal efficiency. 

Heat supplied to an engine is measured in B.T.U. per hour, 
and is the product of the weight or volume of fuel per hour and 
the calorific power of the fuel in B.T.U. per pound or B.T.U. per 
cubic foot respectively. This calorific power of the fuel may or 
may not be taken as that given by the calorimeter. When the 
fuel contains any hydrogen its combustion yields steam and the 
condensation of the steam yields water. This latter condensation 
adds to the true heat of combustion the latent heat of so much of 
the steam as is condensed. Engines can never use this heat of 
condensation. Wherever the hydrogen in the fuel is known, two 
calorific values can be found, and these are called the higher and 
the lower values. The former is that given by the calorimeter, 
and includes the heat of steam condensation; the latter excludes 
this latent heat. 

W^ork done is measured in either B.H.P. or I.H.P.; that is, foot- 
pounds per minute at the wheel rim divided by 33,000, or foot-pounds 
per minute behind the piston divided by 33,000. The latter is 
greater than the former by so much H.P. as is lost in the engine 
itself, as was explained under Mechanical Efficiency. 

The performance of an engine can rationally be given in several 
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ways, but without defining which quantities are compared, the 
terms economy or thermal -efficiency may be misleading, especially 
when comparing two engines whose thermal efficiencies are based 
on different units. 

Thermal efficiency may be expressed as follows: 

. . £ B.H,RX33QOo 

^ ^ *"B.T.U. per minute in fuel (higher value) X 778 

ft.-lbs. per minute at brake 
''ft.-lbs. per minute in fuel (higher value) ^^^ 

This may be called the thermal efficiency based on brake horse- 
power and the higher fuel value. 

(2) Similarly thermal efficiency based on brake horse-power and 
lower fuel value is equal to 

£ VB.H.P.X33000 . : 

^ B.T.U. per minute in fuel (lower value) X 778" ' ^^^^ 

(3) Using indicated horse-power as the output unit the follow- 
ing two values will be given : 

£ LH.P.X33000 . ,. 

^ B.T.U. per minute in fuel (higher value) X 778 ' ^^^ 

and 

,^N ^ LH.P.X33000 

^4; 21,4 BT.U. per minute in fuel (lower value) X 778' * ^^'^ 

All these ratios are rational and justifiable, but it must be care- 
fully defined, in expressing thermal efficiencies, which of these 
quantities is meant. 

Suppose an engine gave 4 B.H.P. and 5 I.H.P. with 100 cu. ft. 
of gas per hour whose higher calorific value was 600 and whose 
lower was 550 B.T.U. per cubic foot, then we should have 

„ 4X'?^ooo ^ 

-Ei« — —^^ ^'^17% approximately; . . (48) 

■^X6ooX778 
B,.._AX.330c^.,8+% •• • • (49) 

6^X550X778 
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_, 5 X 33000 - . . , , ^ 

£3 = ^0^ ' -21% approximately; . . (50) 



60 X 600X778 

60 X550X/78 

It will appear from this what confusion will result from neglect 
of the accurate definition of efficiency arising from the different and 
all correct methods of defining input and output of energy. In 
most cases the higher and lower calorific values do not differ so 
much as here assumed. In what follows these definitions will 
always be given. 

Economy is the term applied to the amount of energy per hour 
that must be supplied to produce one horse-power, and the follow- 
ing expressions for it are all correct. 

Economy is seldom expressed by s)rmbols, but is always written 
out as follows: 



B.T.U. 


per 


hour 


per 


I.H.P. 


, lower 


calorific value. 


cc 


(( 


< < 


ii 


ii 


higher 


a 


(( 


44 


<< 


n 


41 


B.H.P. 


, lower 


cc 


M 


it 


<( 


t< 


ti 


( ( 


higher 


( ( 


( ( 



The economy of gas-engines will not vary greatly when com- 
parisons are made on the best conditions in each case and an easy 
number to remember is loooo B.T.U. (lower value) per I.H.P. 
hour as the average performance. It must not be imagined that 
no variations occur from this, for nothing could be farther from the 
truth, as will be shown presently. 

23. Efficiency by Reference Diagram. — ^It is desirable in study- 
ing efficiencies and economies to have a standard of reference, and 
actual results will be easily remembered as some definite fraction, 
60% for example, of what would be the standard. For this pur- 
pose the standard reference diagram already developed is useful, as 
it expresses what is the best an engine could do with this cycle or 
method of working and what any exploding engine would do under 
the best conditions with no losses. Any claim of better results in 
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performance by the misinformed, exceeding that possible by the 
standard reference diagram, can be immediately checked. 

As this standard reference diagram is based on cenain opera- 
tions on the gas itself it gives the possibilities of the method exclud- 
ing mechanisms, so that all efficiencies or economies must be 
expressed in terms of I.H.P. instead of B.H.P. output. 

As the gases are confessedly discharged at a temperature higher 
than the condensation of steam at the pressure which is developed, 
the lower calorific value must be used. For the standard reference 
diagram the efficiency depends only on the extent of the compres- 
sion and calling all efficiencies of this diagram by the letter ^, using 
the same subscripts. 



&4=^i — ly^] in terms of volumes, 



where 



in terms of pressures; 



P^ = absolute compression pressure, 
P^= atmospheric pressure. 



. (52) 
• (53) 



A table of these efficiencies is added for reference, Table IX, 
the §4 referring to the ratio of foot-lbs. per minute by indicated 
horse-power to foot-lbs. per minute by the lower calorific value of 
the fuel 

Table DC. 

EPPICIENCY &4 FOR STANDARD REFERENCE DIAGRAM. 



Compression 
in Atmos- 
pheres. 


Compression, 

in Pounds per 

Square Inch, 

Absolute. 


K 


Compression 
. in Atmos- 
pheres. 


Compressioo, 

in Pounds per 

Square Inch, 

Absolute. 


K 


30 


44.1 


28% 


8.0 


117.6 


45% 


3-5 


51-4 


33% 


8.5 


124.9 


46% 


4.0 


588 


9.0 


^3^ 3 


47% 


4.5 


66.1 


35% 
37% 


9-5 


139.6 


48% 


S-o 


735 


10. 


1470 


49% 


5-5 


81.8 


39% 


IO-5 


154 -3 


49% 


6.0 


88.2 


41% 


II. 


161. 7 


50% 


6.5 


95-5 


42% 


"•5 


169.0 


5°% 


7.0 


102.9 


^3% 


12.0 


176.4 


50% 


7-5 


no. 2 


44% 
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As this table is to be used for comparison with observed effi- 
ciencies, which can never be accurately known to three places of 
decimals, the per cent is here given to the nearest two figures only. 

24. Economy. — ^If there were no losses, one B.T.U. per minute 

would give 778 ft.-lbs. pier minute behind the piston, or 60 B.T.U. 

per hour would give 778 ft.-lbs. per minute behind the piston. 

778 
Hence 60 B.T.U. per hour should give - — I.H.P., whence B.T.U^ 
^ ^ 33000 

33000 
per I.H.P.-hour « — ^X6o = 254S, with no losses of any kind. 

This then is the theoretic economy for any engine. When the 
engine is a gas-engine and the heat derived from fuel with hydrogen, 
the precautions noted in determining this B.T.U. per hour from the 
quantity of fuel and its calorific power should be remembered and 
when higher or lower value is used it should be so stated. 

Guarantees of performance are best stated at so many B.T.U. 
per hour per I.H.P. or B.H.P. as determined by the Junker calo- 
rimeter for gases or by the Mahler bomb for solid and liquid fuels. 
This is done because in the test for fulfillment this is an easily deter- 
mined quantity, but gives the higher calorific value. As will be shown 
later, the fuel may change with conditions, especially in producer 
work, the method, time, load, place, number of times, etc., of meas- 
urement of hydrogen should be clearly defined as well in the con- 
tract. 

It sometimes happens that in large engines the quantity of gas 
cannot be measured, but by analysis and calorimeters its calorific 
value can be found direct and the air necessary for its combustion 
calculated. These measurements furnish an easy means of express- 
ing approximately its thermal efficiency or economy by using the 
standard reference diagram. By slightly varying the mixture there 
will be found a best card ; that is, a card having the largest mean 
effective pressure. This will correspond to the mixture having the 
greatest heat of combustion which will be approximately that mix- 
ture of air to gas determined by the chemical analysis as theoretically 
correct. 

Thus there will be at hand, 

1°. Air to gas. 

2°. Hydrogen. 
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3^ Actual P for i® and 2®, called P', from which can be calculated, 
4^ Theoretic P for standard reference diagram and the ratio of 
actual P' to theoretic P. 

From this can be calculated the B.T.U. per hour per I.H.P. by 
multipl)dng the theoretic economy by the above ratio. One cubic 
foot of gas per stroke calls for a displacement of (^'-l-i) cubic feet 
and yields PLa or 144 PL A foot- lbs., but LA is the displacement* 
Hence 

144PLA « i44P(a' -f i) ; 

60XHXN B.T.U. per hour yields ^^^ ^ I.H.P. 
^ ^ 33000 

Hence B.T.U. per hour (low) per indicated horse-power is 

6oXifXiVX33ooo 
i44P(a'-M)iV • 



U'-i^f)' 



But p-778 

144 -a' 

from formula (35)- Hence 

B.T.U. per hour j 6o>CffX 33000 

(low)perI.H.P. r ^ " / ,p .'^\ 



I44X--X; 
144 ' 

60X33000 



778 



n-i\* 



But ^^^-1^ = 2545 -B.T.U. per I.H.P. per hour for any en- 
778 



gine with no losses, while (^~(p^) " )=^4, the thermal effi- 
ciency of the standard reference diagram based on I.H.P. and lower 
calorific value. 
This gives 

B.T.U. per hour (low) per I.H.P. for ) ^ 2545 

the standard reference diagram ) ^4 ' * * ^^^^ 

as might have been expected without analysis. 



Digitized by Vj-OOQIC 



so 



GAS-ENGINE DESIGN. 



If now, using this fuel, the actual engine gave a mean eflFective 
pressure P', then its thermal eflSciency £4 would be given by 






(SS) 



That is, the thermal efficiency of the actual case is equal to the 
thermal efficiency by the standard reference diagram multiplied by 
the ratio of standard to actual M.E.P. This latter ratio is given 
for various cases in practice and has been called the diagram factor. 
From the above we may write 

Constant 
B.T.U. per hour (low) per I.H.P. p . . (56) 

for the same conditions of mixture, gas, and speed, with dijfferent 
mean effective pressures. Hence 



P^ 



B.T.U. per hour per 
I.H.P. for engine with 
mean effective pres- 
sure P' 

. P' . . 

This p- is the diagram factor already discussed. 



f B.T.U. per hour per 
I.H.P. for reference 
diagram with mean 
effective pressure P 



(57) 



Economy in terms of B.T.U. per hour per I.H.P. for the stand- 
ard reference diagram is given in Table X. 

Table X. 

ECONOMY OP STANDARD REFERENCE DIAGRAM. 



In B.T.U. per hour per I.H.P. - 



2545 









B.T.U. per 








B.T.U. per 


Com- 


Com- 




Hour per 


Com- 


Com- 




Hour per 


pression 
in Atmos- 


prossion, 
Pounds 


^4- 


I.H.P. by 
Standard 


pression 
, in Atmos- 


pounds 


^4- 


I.H.P. by 
Standard 


pheres. 


Sq. Inch, 
Absolute. 




Reference 
Diagram. 


1 pheres. 


Sq. Inch. 
Absolute. 




Refcrenee 

Diagram. 


30 


44.1 


28% 


9089 


8.0 


117. 6 


45% 


5655 


3-5 


5i-J 


3^2o 


8210 


8.5 


124.9 


46% 


5535 


4.0 


58.8 


33^V 


7712 


9.0 


132 -3 


47% 


5415 


4.5 


66.1 


35% 


7271 


95 


139.6 


48% 


5302 


5-0 


73-5 


37% 


6879 


10. 


1470 


49% 


5194 


5-5 


81.8 


39% 


6527 


10.5 


154-3 


49% 


5194 


6.0 


88.2 


41% 


6207 


II. 


161. 7 


5°% 


5090 


6.5 


95-5 


42% 


6059 


"5 


169.0 


5°%> 


5090 


7.0 


103.9 


43% 


5919 


12.0 


176.4 


51% 


4990 


7-5 


no. 2 


44% 


5785 
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It thus appears that, given the diagram factor for a given case, 
the thermal efficiency can be obtained at once as well as the econ- 
omy, provided a table of values for the various effects by the standard 
reference diagram is available or a curve like Fig. 12. When not 
available, the quantities needed are easily calculated. 

Anything that will affect the mean effective pressure of a full 
60 ( 1 1 1 r \ 1 \ r 1 

.1 



I 



50 



S 

Q 40 



•§ 30 
PS 






20 



10 



20 



40 



60 

4 



-+- 



5000 K « 

^' Q 

f 5500 u g 

6000 3* § 

46500 •« .S 

7000 1.(2 
7500 m -o 
•-8000^ ^ 
8500? -a 
9000 H g 



80 100 

5 6 7 

CompresBion 
Fig. 12 



120 
8 



140 ' 160 
9 10 11 



180Lb8/D Aba. 
12 Atmospheres 



charge will affect both thermal efficiency and economy based on 
indicated horse-power. Anything that affects the engine losses in 
addition to the above will affect the thermal efficiency and economy 
based on brake horse-power. 

25. Application of Diagram Factors. — Diagram factors found for 
mean effective pressures can be applied to economy and efficiency 
determination, but always with exercise of some judgment. Results 
from the published reports of distinguished experimenters are always 
a little too good to be used in the every-day routine of designing, 
building, and operating for two reasons. First, they are generally 
the best results obtainable from the engine adjusted to its best con- 
ditions, and secondly, they are obtained by the best men of the 
profession, who will accept and publish only the best results as 
they recognize them, and probably of many days* running only a 
few hours' results are accepted. On the other hand, the buyer will 
-demand, and rightly, an economy guarantee based on the ordinary 
condition of the apparatus. 
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To illustrate this point of caution some results reported by 
Mr. Clerk in a very recent lecture will be given and compared with 
the figures presented for diagram factors. He calculates the air- 
card efficiency for the engine tests reported by Professor Meyer in 
Germany and Professor Burstall in England. 



Observed Efficiency. ^^**"d 


Efficiency. 


Actual En , ^ 
Standard- g-^*"*°^- 


Experimenter. 


.250 


44 


.58 


Meyer 


.244 


42 


.58 


* ' 


.214 


37 


•58 


(( 


.188 


33 


•57 


it 


.189 


33 


•57 


Burslall 


.212 


36 


•S9 


Hi 


.219 


43 


•51 


t ( 


•231 


47 


•50 


<( 


.166 


33 


•50 


<< 


.187 


^6 


•52 


<( 


.172 


43 


.40 


n 


.181 


47 


•38 





The results of Meyer were on compressions 40 to 80^ and Burstall 
also used variable compressions, but with compression rings, to 
bring about these results. The best results here for diagram factors 
are about 9% greater than given in the text as reliable. In gencijal 
it will be found that these results of experts on engines particularly 
correct in adjustment will run from 5% to 15% better than the 
diagram factor that it is wise to employ. If the dagram factor for a 
particular case seems to be about right at 45% then it is probable that 
with everything at its best the factor may prove to be 50^^ to 60%. 

In fact, Mr. Clerk says that actual efficiencies will vsLvy from 
• 5 to .6 of the air standard efficiencies, although it will be better not 
to depend on this but rather to go below, using figures .40 to .55 
for ordinary full-charge engines and lower still for special kinds 
noted. 

26. Variation in Performance with Conditions.— The investigation 
of nature of the change in economy and efficiency with some con- 
ditions most frequently encountered is desirable here, as the above 
discussion is based on the best results for an engine. A guarantee 
of economy should include conditions under which it is to be 
measured, full load or not, best ignition and mixture or constant 
setting, highest speed or mean speed, gas pressure, etc., as all these 
things exert influences. 
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A IO-I.H.P. hit-or-miss governed Otto engine on 550 (low) car- 
breted water-gas gave, with different settings of the gas-valve, effi- 
ciencies varying both ways from a maximum indicating on the one 
hand excess of gas and on the other excess of air as follows : 



Gas-valve Number. 


^ Brake energy 


* Fuel energy (higher value) 


9 


16.0% 


8 


16.5% 


7 


18.0% 


6 


19.0% 


5 


10.0% 



The engine was in ordinary running condition, with the usual small 
leaks and constant ignition. 

These results are plotted in Fig. 13. Humphrey reports a 
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Fig 


. 13 









Gas Valve Setting 

similar curve, Fig. 14, for Mond gas from a 400-H.P. Crossley 
engine, but expressed in terms of quantity of gas per stroke. 

When ignition and mixture were kept constant at the most 
advantageous point on a hit-or-miss engine of 6 B.H.P. the following 
results in efficiency with load were obtained: 



Load B.H.P. 

o 
2 

4 
6 
8 



A- 



Brake energy 



Fuel energy (higher value) 



15-5% 
18.5% 
22.0% 

22.5% 
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These results are plotted in Fig. 15 and show the nature of the 
curve, which would not change much in form for more or less leakage 
than eidsted. 
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A small kerosene injection engine, hot -bulb type, with the usual 
lack of uniformity of mixture and governed by variation of mixture, 
gave the following results with load: 



Load B.H.P. 

•75 

1-25 

2.00 



£1- 



Brake 



energy 



Fuel energy (higher value)* 

13% 
14% 
15% 
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3 
B.H.P. 



These results are plotted in Fig. 16 to show the nature of the 
cun^e, which appears, as it should, not very different from Fig. 15 
or the first part of Fig. 13 for the conditions. 
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With gasolene previously vaporized and full charges Halladay 
and Hodge report a maximum of 

El = 14.9% at 9.43 B.H.P. (about i load). 
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3 

B.H.P. 

Using kerosene in a similar way and in the same engine 
-El = 19.2% at 9.1 B.H.P. (about i load). 

These figures are lower where kerosene is used in hot bulbs 
by injection and where gasolene is used in carburetors requiring 
much vacuum. 

The Society of Arts' trial reported by Dr. Kennedy gave for the 
Atkinson engine on gas 623 B.T.U. (high) the results tabulated. 



I.H.P. 


B.H.P. 


Cu. Ft. Gas per B.H.P.-hour. £,. 


II. 15 


9.48 


18.82 21.7 


6.9s 


4.74 


19.29 21.2 


2.3 





20.50 19.9 



These results are plotted in Fig. 17. 
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B.H.P. 



There was also reported for a 17-H.P. Crossley £3-21.2% 
(high), and for a 5-H.P. Griffin £5 = 19.2% (high). 
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Tests by Aim^ Witz on a Charon engine gave results as fol- 



lows, plotted in Fig. i8: 

B.H.P. Cu. FU Gas per B.H.P.-hoar. 

60 13. I 

53 16.S 

41 20.0 

30 24.5 

.30 



.20 



27.1 
24.8 
20.4 
16.7 
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40 
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SO 



60 



Another test reported by Philip Dawson gave the results plotted 
in Fig. 19 and tabulated below. The curve is given more to show 



its nature than for comparison. 
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A Stockport engine tested by Mathot gave the following, which 
show a curve nearly flat for more than half load: 



sctric H.P. 


Cu. Ft Gas per E.H.P.-hour. 


44.0 


1734 


50.2 


15-65 
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A single-cylinder Crossley engine 8JX24, at Worcester, Mass., 
gave, on producer-gas, 140 B.T.U. per cu. ft. (high) (Fig. 20). 



I.H.P. 


Cu. Ft. Gas per l.H.P.-hour. 


P^_ Indicated energy 
^ Fuel energy (high) 


7S.3 


86.5 


21.5 


72.4 


81.8 


24.1 


66.5 


86.4 


22.8 


63.8 


90.0 


21.9 


59-6 


89.3 


20.6 


61.5 


88.0 


20.9 


60.5 


81.9 


22.4 


66.7 


86.8 


21.2 


64.4 


84.0 


21.9 
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These results are nearly all at full load and show how, even with 
precaution against change of conditions, the efficiency from obser- 
vations may vary considerably. The nature of the mean curve, 
however, is the same as for other similar cases. 

Professor Robertson reports a test on a three-cylinder i3"Xi4" 
Westinghouse engine at Lafayette on iioo B.T.U. natural gas 
(high) which is reliable, though not the only one made. 



I.H.P. Cu. Ft. Gas per I.H.P.-hour. 

III. 55 13-4 

109.43 14.73 

102.66 14-71 

92.27 11.87 

79.31 12.94 

39-75 17-75 



_. Indicated energy 
■ Fuel energy (high) 
18.99 
17.27 

17-30 . 

21.44 

19.67 

14.34 



Another test reported by the builders, on a 600-H.P. 25"X3o" 
engine gives both £2 s^^d £4 as well as economy on B.H.P. and 
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I.H.P. This IS plotted in Fig. 21 to show how very rapidly change 
in economy results with throttling cfTcct due to light loads, rather 
than to give the actual figures, which are good at full load rather 
too good in fact for continued performance under working con- 
ditions. 
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A test of the producer plant and engines at Cassel by A. Witz 
gave some results on coal. The coal contained io% ash and i% 
water and test ran six hours, using 

In producers 323 lbs. coal. 

'' boiler 126 *' '' 

Total 449 '' *' 

Total coal per hour, 74 lbs. 

LH.P 60.08 

Friction H.P 9.12 

B.H.P 56.96 

Pounds fuel per hour « 123 lbs., total on f-load constant but the 
calorific value of the coal is not given. 

In a Dowson plant of Fielding and Piatt the guarantee was 
for 85 cu. ft. of 145 B.T.U. gas per B.H.P. -hour or 12,825 B.T.U. 
higher value. 

A common American guarantee for producer plants of looo 
H.P. more or less is i B.H.P. on i lb. coal gasified, excluding that 
used in the boiler, or 11,000 gas B.T.U. (high) per hour per B.H.P. 

There is reported by the builders a result of 2.97 lbs. dry wood 
gasified in Loomis-Pettibone producers at Nacozari, Mexico, the 
gas being used in Crossley engines. 

Mond-gas results, reported by Mr. H. A. Humphrey, show for 
400-H.P. Crossley (142.5 high) £3 = 23.76%. 

500-H.P. Premier (143.8 high), £3 = 25.6%, the latter engine 
having higher compression than the former. 

Furnace-gas results, reported by C. A. Cochrane, show for a 
600-H.P. CockercU engine at Ormsby Iron Works, on 98 gas (high), 
the engine compressing air, 

£3 = 25.43% (I.H.P.), 
£1 = 19.32% (Air H.P.); 

this is for full and best load. 

^luch of the gain in efficiency with blast and other weak gases 
is due largely to the compression, and the nature of the increase is 
shown by the Kennedy reports to the Society of Arts Committee 



Digitized by V^OOQIC 



6o 



GAS-ENGINE DESIGN. 



on a series of changes on compression. This curve is plotted in 

Fig. 22. 

Brake energy 



Compression. 
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Compression 

The statement of an average E is not a good thing for where 
E varies, there is a reason to be sought in the conditions, and 
experimenters never give all the desirable conditions. The best that 
can be done to guide the designer is to give two limits between 
which the E will he for the best case in any engine ; that is, with 
full charges, best mixture, proper ignition, no leaks, no back pressure. 

The economy of a small engine is not so good as for a large 
engine of identical design, and this should be borne in naind by the 
designer. To show just how the eflSciency and economy vary with 
size, it is necessary to test a full series of sizes of the saipe make and 
of identical design. This has never been done, chiefly because in 
putting on the market a series of sizes, identical design is not the 
rule, but rather approximations are made which permit of inter- 
use of patterns for certain parts and because of the desirability of 
keeping dimensions to whole numbers or simple fractions of inches. 
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PART 11. 

FORCES IN THE ENGINE DUE TO GAS PRESSURE 
AND INERTIA. . 

27. The Actual Indicator Card. — Many changes of form in the 
curves constituting the indicator card of a gas-engine occur in practice 
from various causes to be noted, and both the nature of the changes 
and their extent and variety greatly exceed those found on steam- 
cards. This makes interpretation of real cards difficult, and pre- 
diction of probable cards for a new engine still more so when the 
principles which cause the changes of form are not clear. These 
principles while simple in themselves are complex in application, 
and results cannot be too thoroughly studied, more so than the 
space here allowed will permit, by reference to papers and other 
published works on the properties of explosive mixtures. 

The curve characteristics are conveniently divided for study 
according to the phase affected. Thus compression, combustion, 
and expansion lines being all high -pressure effects and recorded 
by high-scale indicator springs Nos. 160 to 300, can be grouped 
together. Suction and exhaust lines involve pressures relatively low, 
and as recorded by the high-scale spring, the variations do not show 
up well, so light springs Nos. 10 to 30 are used. These suction- and 
exhaust-line changes are not important as affecting the driving of 
the engine in themselves, but only as enabling the effects obscr\'ed 
on the other lines to be interpreted. Thus if a rounded combustion 
line replace a previously straight one and at the same time exhaust 
pressures have been found to be higher, then probably neutral 
dilution of the mixture from excessive back pressure caused the 
effect. 

28. Form of Card with Different Gas Proportions. — A card 
from an ordinary four-cycle Otto engine using carbureted water- 
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gas of 560 B.T.U. per cu. ft. (high) is shown in Fig. 23. The 
compression is 73 lbs. absolute and the pressure ratio measured 
at Vio stroke is 3.8. Two lines, (a) and (t), appear near the crest 
of this diagram ; these are the result of the governor action, which 
is of a hit-or-miss type. Supposing the mixture to contain not 
quite enough air when engine is running at full load and produc- 
ing Une (a), then after a miss the clearance will contain air and 
supply the deficiency, enabling more gas to burn and raising the 
line to b. Several lines, then, on one card, when the engine has a 
fixed point of ignition and constant speed, indicate a change in 
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the j)roporti()ns of the working mixture, which contains air, gas, and 
hot burnt gas. Every combination of these three gases has a differ- 
ent rate of propagation; more neutral or excess of either air or 
gas will make the rate of propagation slower than with no neutral. 
The fastest mixture would be oxygen with some pure gas without 
inactive material. Using air instead of oxygen adds a large amount 
of nitrogen and results in a slower mixture, and finally using gases 
with CO2, O, steam, etc., and mixing with the burnt gases in the 
clearance will reduce the rate of propagation still more. Addition 
of inactive gases, then, to the mixture, either as neutral, excess of 
air over what the gas present needs, or excess of gas over what the 
oxygen present will support, results in a flatter card than without 
dilution, when piston speed and point of ignition are constant. A 
mixture with excess air gave the card (Fig. 24) in the same engine 
Ihat produced Fig. 23. 

A miss stroke in this engine with hit-or-miss governor results in 
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a card (Fig. 25), the line ab indicating compression and be expan- 
sion after the miss. The latter is lower because of leaks past pis- 
ton, valves or ignitor, which are rarely absent in these engines. 
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When a much-diluted or a naturally weak gas is to be burned 
in the cylinder some means must be adopted for increasing its rate 
of propagation and making it more easy to ignite. This is done 
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with producer and blast waste gases by high compression; a rise 
of temperature due to c mpression and the increased density that 
result produce the effect desired. A card from a large two-cycle 
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engine on blast-gas is shown in Fig. 26. Here the compression is 
170 lbs. absolute on blast-furnace gas of 90 B.T.U. per cu. ft. and 
the pressure ratio at V10 stroke is 2. These weak high -compres- 
sion gases give a higher and thinner card than the richer gases, 
as may be seen by comparing this card, Fig. 26, with Fig. 23 for 
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560 B.T,U. gas or with Fig. 27 on natural gas, 1000 B.T.U. This 
card (Fig. 27) is from a Warren engine with water-cooled piston and 
valve which j)ermits high compression to be used, 120 lbs. absolute 
in a cylinder 25" diameter, at part load. The pressure ratio at 
Vig stroke is 3.7, which is lower than it should be because the 
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cylinder has not a full charge, the governor having acted to throttle 
the supply, and secondly, because the line a-6, indicating back 
pressure, which, however, is easily eliminated, shows there must be 
confined in the cylinder at the end of exhaust some burnt gases, 
making the incoming charge already rarefied by the governor some- 
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what more than usually high in percentage of neutral. Carrying 
this throttle-governing action still farther, there will come a time 
when only a very small quantity of air-gas mixture will enter the 
cvlinder and there meet the full clearance charge of burnt gaSf 
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giving to the resulting charge high in neutral a slow rate of propa- 
gation. 

A Crossley-engine diagram on coal-gas, 550 B.T.U., with a com- 
pression of 90 lbs. absolute and having at V\o stroke a pressure 
ratio of 3.4, is shown in Fig. 28, and this is at full load with no 
throttling. After throttling so that the compression has fallen as 
a result of initial rarefj^ction to 55 lbs. absolute, or one-half, the 
increase in percentage of dilution makes the rate of propagation so 
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slow that with the same speed and ignition the pressure can rise but 
little above the compression as in Fig. 29. The cut-oflF governors 
produce the same efiEect on the cards. 

29. Piston-speed Effects. — ^The preceding illustrates the fact that 
the combustion line with constant ignition-point will depend for its 
form on the rate of propagation of the resulting mixture at cons. ant 
speed, or more proj)erly, on the relation between rate of propagation 
and piston speed. The flattening effect due to retarded rate of propa- 



f^^ 








FlB 


.30 










160 
80 


'- 


N 


V 




M.E, 


p. 48.1 





H 












'^^ 
















■ — 


-^ 


— 





































gation with constant piston speed will result precisely the same if the 
rate of propagation be kept constant by regular full charges of mix- 
ture, constant in proportion, and the piston speed be at the same 
time increased. This is shown in Figs. 30, 31, 32. Fig. 30 shows 
a card on gasolene from a Craig four-cycle engine with a com- 
pression of 45 lbs. absolute and a pressure ratio at '/^^ stroke 
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of 3.6. It shows the charge to be slightly throttled; the speed is 
about 150 R.P.M. By increasing the speed without further adjust- 
ment to 500 R.P.M., Fig. 31 results, and at 750 R.P.M. the card 




Fig. 32 results. The fact that the throttling effect also slightly 
increases at these speeds results in a somewhat rarefied mixture, 
but this by no means accounts for the rapid fall of the combustion 
line. It is as if the piston were running away from the flame cap 
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so rapidly that the combustion could not produce heat quickly 
enough to keep the pressure up. 

30. Ignition-change Effects with Throttling.— The third effect 
that causes serious alterations in the form of the combustion line 
is the point of ignition. The ignition-point, if kept constant, will 
permit a flattening of the card with either constant mixture of air, 
gas, and neutral at increased piston speed or with increase of neu- 
tral in the mixture. It is possible, however, to prevent this flatten- 
ing, at least to some extent, by advancing the ignition-point. 

This is illustrated by the cards that follow, which show in nine 
cards three different points of ignition with three different throttle 
positions; that is, with three different percentages of dilution, from 
the rarefied charge being mixed with the same burnt gases on the 
clearance, and exaggerated somewhat by the back pressure con- 
tinually present. Of this set, Fig. 33 (a) shows a card from an auto- 
mobile engine with spark properly advanced, the engine burning 
gasolene, with a compression of 50 lbs. per sq. in. absolute and 
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showing a pressure ratio of 4-0 at Vio stroke. By keeping throttle 
and speed the same, that is, by keeping a constant rate of propa- 
gation and piston speed, setting the spark just on ihe center gives 
card Fig. 33 (b), A still later sparking- point gives the card Fig. 33 (c). 
This effect becomes more marked as the percentage of dilution 



r\ 




M.E. 


?• 75-3 


Fig 

2 


. 33 










200- 

160 7 
120 7 

eo- 
407 


/— 


\ 


s^ 




















V 


-v^ 




(a) 






























"^ 




- — 


. 












- 

























/ 






M.E 


.P. 57. 


k> 








120 
80 
40 


:- 


y 


/ 










■^ 


_(*)_ 


^ ^ 




<. 


















^ 

























u. 


E.P.4 


3.00 


'-»^ 






(c) 






120 
80 
40 


- 








/ 


[ 




■ ■ 


— 





^ 


^" 


-^ 


^ 














^ 


















■^ 





increases by a partly closed throttle, as is shown by the series, Fig. 
34 (a), (6), (c), with the same points of ignition and full clearance 
as in the previous case, but with the incoming charge rarefied. 

A still further closing of the throttle gives the series of Fig. 35 (a), 
(6), (c)j which exhibits the effect of still slower rate of propagation 
with the same three ignition-points. Taking these cards in sets 
of three, but the other way, cards Figs. 33 (a), 34 (a), 35 (a) show the 
effect of rarefying the charge by the throttle with proper point of igni- 
tion. The set Figs. 33 (6), 34 (6), 35 (^) and Figs. 33 (c), 34 (c), 35 (c) 
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show the same with successively later ignitions. Any of the cards with 
the flat tops could be raised a little by more advanced ignition, 
but not entirely brought up to the best and most economical form 
like Fig. 33 (a). This would require not only an advanced spark 
but also increased compression, whereas they suffer from decreased 
compression. This spark-throttle variation producing, with but 



n 


s_ 






Fi 


Bf. a 


L 








160- 

80 f- 
40^ 


f 


s 


\ 




M.E 


P.Sa. 


)6 


(a) 






I 
























— 












■ 


z:) 



























r^ 




M.B. 


P.44. 


6 


ih) 






120 
60 
40 


- 




/ 






^ 


-- 














— 















' 

























M.] 


£.P.a 


.»4 


/- 


-^ 


■ 


(0) 






80 
40 


\- 




-^ 


c=r 


^ 












^ 























little motion of the links, the widely varying cards shown, furinshes 
the best means of quickly controlling an engine and is used in auto- 
mobiles and boats. It must be remembered that this method 
decreases the economy, first, because energy is lost by drawing the 
charge through the throttled valve, and secondly, late ignition results 
in but little work with a full charge. The difference in Figs. 33 (a) 
and 33 (c) show the loss of economy due to a late spark. The other 
loss, due to suction throttling, will show in an apparent decrease 
in mechanical efficiency, as has been pointed out. It should be 
clear, then, that the form of the combustion and expansion lines 
depends on the relation between rate of propagation and piston 
speed in the first place and between rate of propagation and point 
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of ignition in the second. The rate of propagation depends pri- 
marily on the percentage of inactive gases in the mixture, and 
secondly, on the degree to which it is compressed. 

The height to which a proper explosion line should rise depends 
on the B.T.U. per cubic foot of mixture, considering as mixture 
air, gas, and all neutral present, as already explained. To illus; 
trate the change in form of card with load on a cut-off control 
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of mixture, the pair of cards, Fig. 36, from a Sargent engine are 
presented. It is to be noted that the suction line after cut-off 
at A falls below B and the subsequent compression line rises along 
the same line, involving no loss. However with a constant clear- 
ance the percentage of dilution increases, because to constant 
quantities of burnt gases there is added each time a decreasing 
amount of mixture. To complete the list of examples for differ- 
ent fuels, Figs. 37, 38, 39 are presented. The first is from the 
Nacozari-Crossley engines on Loomis-Pettibone producer-gas. The 
second and third cards, Figs. 3S and 39, are respectively a kerosene 
card and a gasolene card, such as result when the vapor is 
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prepared outside the cylinder without vacuum carburetors and 
when the charge is a full one. The low-compression and high- 
pressure ratios are the characteristics of cards on these rich fuels. 
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Carburetor or hot-bulb vapor generators would seriously lower 
the pressure ratios here shown. 

31. Pumping Diagrams or Low-spring Cards. — ^These cards so 
far presented are on such a large scale of pressure as to make it 
difficult to read back pressures even as high as 5 lbs. per square 
inch, as well as the suction, which may go as low as a third of an 
atmosphere. The pressure changes during these parts of the stroke 
are comparatively insignificant in producing work-resisting forces in 
the engine at full loads, but are extremely important in explaining 
the rest of the diagram. A fall in suction of half an atmosphere 
will produce a card of flattened form and of an area possibly one- 
eighth or less of that resulting from a full charge at atmospheric 
pressure. Similarly a lo-lb. back pressure will, with ordinary com- 
pression, practically stop the engine and lower back pressures pro- 
duce successively flattening cards. The proper or improper setting 
of the valves can also be read from these low-pressure diagrams of 
suction and exhaust, while it is practically impossible to tell much 
beyond ignition setting and exhaust opening period from the regular 
card. To secure the suction and exhaust lines to a proper scale for 
interpretation, a low scale spring, 10, 20, or 30 lbs. per square inch, 
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is put in the indicator and a stop inserted to prevent any records 
above what the indicator can safely handle. 

Suction in four-cycle engines takes place in the same cylinder 
that compresses and fires the charge, whereas in two-cycle engines 
either the closed crank case or a separate suction cylinder is used. 
When thus prepared, in crank case or separate suction cylinder, 
the charge is introduced into the power cylinder during about ^Z/^ 
of its stroke, at the outer end, by permitting the charge, previously 
compressed to S or lo lbs. in the suction cylinder, to enter the power 
cylinder for this period, while its exhaust ports remain uncovered 
by the piston and the pressure therein remains i atmosphere 
approximately. Thus there is in two-cycle engines no exhaust stroke, 
but merely an exhaust period of about y^o stroke, corresponding 
nearly to the period of charge transfer from suction to power cylinder. 

32. Suction- and Ezhaust-Une Changes. — If the suction-valve 
be mechanically oj)ened, its lift, when cam-operated, will be some- 
what proportional to the piston speed, so that the suction line will 
be nearly horizontal, as in Fig. 40, starting just beyond -4, the point 
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where exhaust ended at atmosphere, and extending to -B, the point 
where compression begins. Too late an opening of the suction will 
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show if very late, by a quickly falling line, AB (Fig. 41) rising to 
C, the mean effective suction line, when valve has opened normally. 
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Too early an opening of the suction affects not the suction line 
but the exhaust, as in this case exhaust gases will enter the mixing- 
chamber. 

In multiple-cylinder engines, however, in which exhausts are 
coupled together, too early an opening of exhaust of one cylinder 
may give a line like ABC at the end of the exhaust of another (Fig. 
42). This is not properly part of the suction line, but a blowing 
back of an early exhaust from another cylinder. 
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K the valve passages be too small, or the charge be intentionally 
throttled for governing, the suction line will of course fall lower. 
Too early a closure of the suction-valve will be shown by a drop 
AB (Fig. 43), due to the expansion of the confined charge and of 
course coinciding with the first part of the compression Une. 

Too late a closure of the suction-valve will result in the partial 
rejection of the charge back into the mixing-chamber at a pressure 
slightly above atmosphere ABC until compression begins (Fig. 44) 
at C after closure. 

With automatic suction-valves a doubly rapid falling of the 
suction line ABC (Fig. 45) results, especially if .the spring be too 
stiff or passage too small for the speed. The part AB indicates 
the spring resistance or the pressure below atmosphere necessary to 
open the valve. The part BC indicates too small a valve opening 
or rather too high a gas velocity. 

The form of governor known as the cut-off operates to reduce 
the charge in the cylinder by sharply causing suction to cease and 
substituting for the latter part of the suction stroke an expansion 
of the charge already received, giving suction lines for varying load 
like Figs. 46, 47, and 48, B indicating the point of cut-off. 

In two-cycle engines this suction stroke is completed in either 
a separate cylinder called a pump or in a closed crank case of the 
engine, and the periods of opening are more or less definitely fixed. 
With a spring-closed check or mechanically operated valve the 
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suction line is the same in form as for the four-qrcle cylinder, except 
for the shortening that results from the uncovering of the cylinder 
port by the piston. However, in engines of the class that have two 
such ports, one from the crank case to the air and another from 
cylinder to air, with a third connecting crank case and cylinder and 
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all covered or uncovered by the piston, the suction line is a short- 
pressure rise BC (Fig. 49) at the end of the line AB^ indicating 
the expansion of the confined crank-case charge. At point B the 
atmospheric port opens and stays open while the piston moves to 
C and back to £>, in line with B, at which point crank-case com- 
, pression begins. 

When partial charges are introduced, the compression line will 
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not begin to rise above atmosphere until after the beginning of the 
stroke and the point where rise begins gives a measure of the extent 
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of the charge. Should the rise begin at half stroke, a half charge 
has been lost, as in Fig. 47. In this way throttling losses are most 
easily measured. 
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Exhaust lines will indicate, among other things, two which are 
of great importance. First, too small an exhaust-valve opening, 
shown by the exhaust line being continuously above the atmosphere. 
Secondly, should the exhaust-valve open too late, the expansion line 
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on the high spring card will fail to fall to atmosphere, while the low 
spring card shows a slowly dropping line to the point where suction 
begins — line CD, Fig. 40. 

The forces acting on the piston of an ordinary four-cycle engine 
are different for every point of the stroke for two successive revo- 
lutions. To exhibit these changes, it is necessary to plot these 
pressures upward from a base line representing for the four-stroke 
cycle four times the piston path and for a two-stroke cycle twice 
the piston path. The pressures forming the ordinates are the 
algebraic sum of the pressures on the two sides of the piston and 
are usually plotted with reference to the zero or base line, positive, 
or upward, when they act to assist the motion, and negative, or 
downward, when resisting the motion of the piston. 

33. Gas Forces on Piston from Indicator Card. — ^In single- 
acting four-cycle engines, on one side of the piston there acts the 
atmospheric pressure, while on the other side pressures fall below 
and rise above this. Two-cycle engines in which the suction 
takes place on one side of the piston or in the crank case, the 
pressures on both sides of the piston differ continually from 
one atmosphere, but the pump pressures are usually negligible. 
Where in a two-cycle engine the suction and precompression take 
place in one cylinder and the cyclic compression in another, the 
engine supplied is usually double-acting and the pressure on both 
sides of both pistons is continually varying. Tandem cylinders 
should be treated separately and results afterward combined. In any 
engine, the piston force-diagram will differ with the load, but the 
nature of the variation is best studied by drawing a full-load and 
light-load d agram, from which the nature of the curves at any inter- 
mediate load can be estimated at a glance or plotted if necessary. 

34. To Draw the Probable Gas Force-diagram. — The cooling 
of the walls will prevent the compression Une following the law 

The nature of the effect is moreover variable, so that no equa- 
tion with a constant exponent will exactly represent a real com- 
pression hne. If, however, as in this case, the line is wanted approxi- 
mately and its terminal point more especially, it can most easily, 
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and as accurately as possible, be found by using a table of cube 
roots in connection with the equation 

PV</V^C. 

The pressure rise and form of combustion line can be fairly 
well predicted from what precedes, while the expansion line can be 
found by applying at successive points the appropriate pressure 
ratio. 

This gives the probable card from which the gas force-diagram 
can be constructed. These gas force-diagrams are given for various 
conditions under Turning Effort, where they are combined with 
the inertia diagrams for the reciprocating parts, to find the forces 
acting along the connecting-rod. 

35. Kinetic Forces. — The movement of a mass when its velocity^ 
is mcreasing requires the impressment of a certain force whose 
magnitude depends on the mg-ss and the rate at which the change 
of velocity takes place. Similarly the retardation of velocity of a 
moving mass causes it to impress a force on whatever causes the 
retardation. Such forces are termed inertia forces. 

Let a = acceleration of mass in feet per second; 
W=weight of mass^Jf^^Af X32.2; 
F= force of inertia; 

then will F = . 

32.2 

Any reciprocating mass, such as a piston or valve stem, generates 
such forces in an engine; so also do rotating masses with variable 
angular velocity, such as fly-wheels. 

Another kinetic force is met when a mass rotates about a 
center; this force becomes apparent in the tendency of the mass to 
move outward radially from the center and is called the centrif- 
ugal force. 

Let f« radius at which the center of gravity of a rotating 
mass moves in feet; 
v= linear velocity of the mass in feet per second on the 
circular path; 

oj «= angular velocity in radians per second = - ; 
i<^^= centrifugal force in pounds; 
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then 

^ Mv^ Wv^ Wv^ 

F = = = (en) 

*" r gr 32-2f ^^'^ 

^ =.00034 WN^r (58) 

This can be expressed in terms of angular velocity by 

W 

F,=Mcu^r = (u^ fen) 

32.2 ^^^ 

Example. — ^A crank-pin weighs 50 lbs. and the crank radius 
is 9", what force is exerted on the cranks at 500 R.P.M. by the 
pin alone ? 

i^^ = .ooo34X5oX25o,oooX. 75 =3187.5 lbs. 

36. Effects of Kinetic Forces in the Engine. — An ordinary 
engine has reciprocating parts and rotating parts with constant and 
variable angular and linear velocities; hence the mere movement 
of the parts, with or without gas pressures acting, will set up in 
the mechanism a system of forces which have the foUown'ng effects. 

1°. The reciprocating force of piston, wrist-pin, a part of the 
connecting-rod and also of piston-rod and cross-head, if the engine 
be double-acting, will affect the driving force transmitted through 
the connecting-rod to the crank-pin and modify turning effort; or, 
to put it differently, there will be a difference between the forces 
acting on the piston, due to gas pressure, and the force transmitted 
by the wrist-pin to the connecting-rod. 

2°. As a consequence of the above the angular velocity of crank- 
and fly-wheel will be modified by the inertia of these reciprocating 
parts. 

3° There will be unbalanced forces and moments acting on 
the frame of the engine, due to these reciprocating parts, causing 
shaking and rocking, which, however, may be reduced by balance. 

4°. The rotating masses such as cranks and crank-arms will 
introduce similar shaking and rocking forces and moments in the 
frame, which may be reduced by balance. 

5°. On both these kinds of kinetic forces will depend, at least 
in Dart, the strength of certain parts. 
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6°. Besides the parts that have purely reciprocating or purely 
rotary motion, the connecting-rods have both motions at once. 
The kinetic forces due to the connecting-rod exert effects the deter- 
mination of which involves four problems, as stated by Professor 
Dunkerly : 

a. The finding of a solution for the resultant force to give the 
rod its combined motion. 

b. To find the effect of inertia of the rod on the crank-effort 
diagram, or to find the "equivalent inertia force" at the wrist-pin. 

c. To find the displacing forces on the frame. 

rf. To find the bending forces on the rod due to its own inertia. 

To sum up, then, briefly, these kinetic forces affect 

A =the turning effort; 

5= the balance or lack of balance in shaking the frame; 

C=the stresses in the involved parts, on which their dimen- 
sions dep)end. 

It may happen that such distribution of parts and velocities 
as will give best balance will not give best turning effort ; in cases like 
this a compromise must be made. Stationary engines require, first, 
a constant turning effort, especially when driving dynamos, while 
balance is of secondary though certainly of considerable importance. 
Marine and automobile engines must be balanced first and give as 
good a turning effort as possible after, but it must be remembered 
that the turning moment of the shaft is also a turning moment of 
opposite sign for the frame and there will be a tendency to irregu- 
larly rock because of irregularity of turning moment, irrespective of 
all questions of pure balance. 




Pig. 50. 

37. Inertia Forces of Reciprocating Parts. — By Approximate 
Method and with Divided Connecting-rod. — Let Fig. 50 represent the 
connecting-rod BC, of length / feet, crank CO, of length r feet, while 
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AB^s represents the distance the piston has moved from inner 
dead-center when the crank has moved through angle d and con- 
necting-rod has moved through angle <t>. 

Put P«ai (60) 

Then for imiform angular velocity m the following is true : 

^-velocity of piston along axis; 

dPs 

-iTg'* acceleration of piston along axis; 

50 -r cos d^-l cos^ = r+/-5; 

si a I ^ 

— — iH — —cos d — CDS 0; 
r r r ^' 

CE'^r sin 0^1 sin <^; 

hence sin <^«ai sin d\ 

cos <^-=>/i — ai^ sin2 0. 

Developing this by the binomial theorem, 

cos ^ « I 

- i ai2 sin2 e 

- \ ai* sin* e 
-- jilj. a\^ sin® 

-fete (61) 

Substituting we get 

-«H-^ -cos <9--{i-iai2 sin2 ^-Jai* sin* 0, etc.}, 

r ai a\ 

or 

s 
--I 

r 

—cos d 

+ i ai sin3 e 

4-etc (62) 
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These powers of the sines of can be put mto sines of multiple 
angles, for 

2 sin^ 5-1— cos 2 d, 

2^ sin* 5=3— 4 as 2 5+cos 4 5, 

2^ sin^ 5-IO — 15 cos 2 d+6 cos 4 5— cos 6 5, etc 

Hence the series above becomes a Fourier series: 



--i + iai + ^^ai3+y|,ai«+etc. 

—cos 

-cos 2 5 (iai + vV^i^+Tj^iVi^+etc.) 
+COS 4 ( u^<»i^+7lTr«i*+etc.) 

-cos 6 d ( +y|7«i*+etc.). . . (63) 

etc. 

dd 
When the angular velocity ^="17 is unifcJrm, a term C cos 5 

represents a harmonic motion completed once in i revolution and 
C cos 2 d represents another of half period, completed twice in one 
revolution. C cos 3 represents another of J period, completed 3 
times in i revolution. 

Thus the motion of the point is made up of an infinite number 
of simple harmonic motions of periods which are simple multiples 
of the engine period. The series for (5) is a convergent one, and 
for rods greater than 3 cranks in length sin <f> remains so small that 
sin^ <f> can with fair approximation be neglected in comparison. 
This gives from equation (61) 

cos <^-»i— iai2 sin2 5, (64) 

from which 

--I -cos -f J ai sin2 5, • . . . (65) 

or 

5-r[(i -cos 0) +i ai sin^ 0]. . . . (66) 
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Differentiating and putting linear velocity of crank-pin 

dd 

-7- *« velocity of piston =v [sin 5+i ai sin 2 ff\\ 



= acceleration of piston = — (cos d^ai cos 2 0), 



Put i*' = inertia force of reciprocating parts in pounds, 
M=mass of reciprocating parts, 
pr=MX^= weight of reciprocating parts in pounds, 
a = area of piston in square inches, 
iNT-R.P.M., 

F \ inertia forces of reciprocating parts in pounds per 
a \ square inch of piston, 
27:Nr 



v=- 



60 



we get from the above and article (35) 

F W 

— = .00034 — N^r(cos 0-\-ai cos 2 tf), ... (67) 



at the time when the piston has moved a distance 
5=f[(i~cos 6)-\-iai sin2 6], . . 



(68) 



measuring crank-angles always from inner dead-center. 

By substituting the values of d given in Tables XI and XII 
below the corresponding values of the parenthesis can be found. 



Table XI. 

VALUES OF (ci>s e + ai cos a $). 
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3.0 


3.5 * 


i-O A 


\'S 


5.0 


5-5 


6.0 





(!+'',) 


1-333 


1 . 286 I 


250 I 


222 


1.200 


1. 182 


1. 167 


30 


(.8664-. 5a,) 


1-033 


1.009 


997 


977 


.966 


•957 


.949 


45 


707 


.707 


.707 


707 


707 


.707 


.707 


.707 


60 


(.5-5«.) 


.333 


'^11 


375 


3«9 


.400 


.409 


.414 


90 


-a, 


-.333 


-.286 - 


250 - 


222 


— .200 


-.182 


-.167 


120 


-(.5+.5<^i) 


-.667 


-.643 - 


625 - 


611 


-.700 


-.591 


-•5«3 


135 


-.707 


-.707 


-.707 - 


707 - 


707 


-.707 


-.707 


-.707 


150 


-(.866-.5fl,) 


-.700 


-•723 - 


745 - 


755 


-.766 


-■755 


-.783 


180 


-(i-a,) 


-.667 


-■714 - 


750 - 


77« 


-.800 


-.818 


-.8.V> 
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VALUES OF 4— I -cos 0-¥hai sin« 6. 
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30 


■134 + ia, 


■ 175 


.170 


.165 


.162 


159 


•157 


•155 


45 


.293 + i"i 


•376 


.364 


.356 


.349 


343 


^M) 


•335 


60 


•5o + i«i 


.625 


.608 


•594 


.584 


575 


• 5(>f) 


.563 


90 


1.0+ Jti, 
i.707 + J(7, 


1 . 167 


I 143 


1. 125 


I. Ill 1 


100 


I.OC^I 


1.083 


120 


1 . 625 


1.608 


I • 594 


1.584 I 


575 


1.569 


1-563 


135 


1.790 


1.778 


1.770 


I . 763 I 


757 


I • 753 


1-749 


'1? 


i.866 + Jf/i 


1.908 


1.902 


1.897 


I.8Q4 I 


801 


1.889 


1.887 


180 


2.0 


2.00 


2.00 


2.00 


2.00 2 


00 


2.00 


2.00 



38. Plotting Inertia Curves. — From these tables the inertia curve 

can be plotted if the crank length r be known, if, secondly, the 

speed M be known, and if, finally, the weight of the reciprocating 

W 
parts be known per square inch of the piston area — . It should 

W 
be noted that inertia is the same in cases where — N^r is the same 

a 

and a I identical. 

In single-acting engines the reciprocating parts are simply the 
piston and wrist-pin, together with whatever water the piston may 
contain for cooling and the necessary piping connections; in 
double-acting engines the piston, piston-rod, and cross-head with 
water and piping, and in tandem engines there must be added another 
piston with its connecting piston-rod. 

The connecting-rod may be considered in approximate calcula- 
tions as being partly reciprocating and partly rotating. In the 
diagram of a connecting-rod AB, 
Fig. 51, let G be the center of 
gravity distant /i from the wrist- 
pin and I2 from crank-pin. Then 
the division may be made so . 

that mili=m2l2, where Wi= partial i^ 
mass at wrist-pin and W2= partial 
mass at crank-pin; alsowi+m2=w. ^ 
These w, and W2 partial masses ^^- ®^* 

are most easily found by weighing the finished rod on two scales with 
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each end on a knife edge. Roughly one-half the rod may be assumed 
as acting at each end, one reciprocating and the other revolving. 

This use of the approximation resulting from dividing the rod 
arbitrarily and dropping the higher terms of the Fourier series 
for f gives rise to the name of the method as approximate with 
divided rod. 

39. Effect of Rod Length on Inertia of Reciprocating Parts. — 
The effect of the approximation is best seen in the diagrams, 
Fig. 52 and Fig. 53, for the data given, the only difference being in 
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the ratio t , which in one case is \ and in the other \, The low value 

\ gives an incorrect curve, as it results in inertia pressures near 
the out dead-center greater than on that center. For ratios greater 

/ 
than - = 5 the formula is very good, being almost as good as the 

absolutely correct form. 

In single-acting gas-engines the weight of reciprocating parts 
per square inch of piston will vary with the size of the cylinder almost 
directly. The following curve (Fig. 54) represents average practice 
well enough to permit preliminary calculations to be made for engines 
yet unbuilt. 

40. Weight of Reciprocating Parts in Gas-engines. — The 

, W , 
quantity -j- varying in the average engine from about .6 in the 

smallest 3J-in. cylinders of automobile engines to about 5.0 in the 
large 30-in. cylinders of slow-speed stationary engines. The speeds 
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of these engines range normally also from 900 R.P.M. in the small- 
est to 90 R.P.M. in the largest. 

Hence the inertia ejBfects for smgle-acting pistons will bear the 
ratio for these two ranges 



Inertia of small _ C X .6 X (900) 2 ^ .6X102 60 
Inertia of large *" C X 5.0 X (90)2 "" 5 ""5" 



= 12; 



that is, the inertia forces will be in general about twelve times as 
great in the small high-speed engine as in the large dow-speed engine. 
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Double-acting engines with water- jacketed pistons may have 
reciprocating weights as high as 15 lbs. per square inch of piston 
area for the large sizes, while tandem cylinders have still heavier 
reciprocating weights, possibly 25 lbs. per square inch of piston area. 
Comparing the inertia of the small high-speed engine with the large 
tandem engine for the speeds 900 and 90, 

Inertia of sm all single-acting ^ .6 X (900)2 ^ 
Inertia of large tandem 20 X (90)2 ~^' 

so that though the inertia of large stationary engines will be high at 
times, the maximum is only about a third the maximum for high- 
speed automobile engines. 
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It must be understood that these figures for weights of parts 
will not necessarily fit any one engine, but are rather approximations 
based on many observations but representing no one case and are 
useful only in forecasting effects in new engines. The weights for 
double-acting and tandem cylinders are subject to more variation 
than for single-acting cylinders. 

41. Example in Plotting Inertia on Piston Base. — The method 
of procedure in the finding of the inertia curve is best illustrated 
by an example: 



W 
Given — «.6 pounds; 

f = .Sfeet; 
/ = 2.s feet; 

r I 

N^gooR,PM. 

From the table of piston positions find 5 for each 15^ of crank 

F 
angle and set s off opposite ^ in a table. Do the same for — for 

the same crank angle d. This will give the results following. 



OUTSTROKE. 
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F 
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F 
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1 
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0' 





99.14 


105° 


.676 


-35.69 


IS" 


.020 


94.12 


120° 


.788 


-40-57 


3°' 


.080 


79.78 


135" 


.879 


-58.40 


45° 


.171 


58.40 


150° 


•945 


-63.26 


6o» 


.288 


33 03 


i65*> 


.986 


-6s. 61 


75° 


•417 


7.07 


180° 


1. 000 


-66.10 


90» 


•550 


-18.56 









Neglect the d^ankaagles and plot - as ordinates and 5 as abscissae. 

This gives the inertia pressures for the outstroke. The return 
stroke is plotted by reversing the curve, as in Fig. 55. That part 
of the cur\'e above the zero line represents the energy stored in 
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the reciprocating parts and that below the energy delivered on 
retardation. These two areas are equal. 

It must be remembered that the curves as drawn represent forces 
necessary to produce the motion of the piston. When, however, the 
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piston is driven by any means, these forces become resisting and 
assisting forces, giving the diagram, Fig. 56, as the curve of forces 
acting on the piston, to be combined with gas-pressure curves to 
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get the effective driving forces at the piston. The curve. Fig. 56^ 
has the same abscissae as Fig. 55, but ordinates have their signs 
changed. 

42. Characteristic Inertia Curves. — To facilitate the work of the 
designer, a series of inertia curves are worked out for the usual 
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range of conditions in gas-engine work and the results are also plotted. 

W 
Whenever the product — N^ is found for a given case, the curve 

can be read ojBf very nearly by comparing with Table XIII here given 



W 
for diflFerent values of — AT^r. 
a 
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Fig..,, 
W 

a 

i.o. . .. 

a.o. . .. 
2.5.... 
3.0.... 
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Table XIII. 
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Table XlU—ijConiinued). 

Fig 61 62 63 64 65 66 67 

— N N N N N N N 

a 

1 .0 450 500 550 600 650 700 750 

1-5 368 409 450 491 531 .572 613 

a.o 318 354 389 424 460 492 530 

2.5 284 325 357 388 412 443 475 

30 260 284 318 347 375 404 433 

W 

— N^ 202500 250000 302500 360000 422500 490000 56250c 

W 

— iVV 84400 104100 126000 150000 176000 204200 23420c 

Initial inertia pressure, 

lb8.persq.in 34.44 42.47 5i-4i 61.20 71.81 83.31 95.55 

Terminal inertia pres- 
sure, lbs. per sq. in. . 22.96 28.32 34.27 40.80 47.87 55.54 63.70 
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Table XIII— (Continued). 

Fig 

W 

a 

i.o 

1-5 

2.0 

2.5 

30 

W 

— N* 640000 722500 870000 902500 loooooo 1102000 1210000 

W 

— iVV 266500 301000 337500 376000 416500 459000 504000 

a 

Initial inertia pressure, 

lbs.persq.in 108,73 122.81 137.70 153.41 169.93 187.27 205.65 

Terminal inertia pres- 
sure, lbs. per sq. in. . 72.49 81.87 91.80 102.27 113.29 124.49 137.09 
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43. Effective Driving Forces at Piston. — Corrected for Ineriiu by 
approximate Method and Involving Division of the Rod. — ^The 
force ■ acting on the wrist-pin and transmitted thereby to the rod 
is measured by the difference between the forces acting on the 
piston by gas pressure and the inertia force. 

This difference is the effective driving pressure and the diagrams 
representing it are effective driving-pressure diagrams. 

Let P^= effective pressure; 

P=gas pressure on piston pounds per square inch; 

F . , . ^ ' .... 

--mertia m pounds per square mch of piston area; 
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then 

^,--p-j (69) 

The inertia resists gas pressure during acceleration of reciprocating 
parts or at beginning of each stroke and assists at ends. The effect- 
ive-pressure diagram is obtained simply by combining ordinates of 
the two curves. Many examples of this combination are given later, 
in the process of determining crank-effort diagrams. 

44. Kinetic Forces and Balance. — Reduction of shaking and 
rocking forces on the frame by balancing calls for a determination 
of (a) forces due to rotating masses; (6) forces due to reciprocating 
masses. 

All kinetic forces and couples not balanced will cause the frame 
to shake where 

(a) they are constant in amount and variable in direction ; 

(6) they are variable in amount and constant in direction; 

(c) they are variable both in amount and direction. 

The extent of the shaking forces on the frame is the resultant 
of all the kinetic forces of the mechanism, and the tendency to rock 
is the resultant of all kinetic and turning couples. This shaking 
force is reduced by combining the essential moving parts in different 
ways, or by adding other masses called balancing masses to reduce 
the resultant or to change its direction into some less harmful direc- 
tion, or both. For example, in locomotives where it is impossible to 
make the resultant zero, the balancing masses are so added as to 
leave the resultant vertical and so not affect the draw-bar pull, but 
leaving, however, a pound on the rails. In stationary engines the 
same is done, the resultant being made vertical by extra weights, 
to be taken up by the foundation and holding-down bolts. In 
automobiles the same is true, as the heavy springs can absorb most 
of the vertical resultant forces; or, better, wherever possible, by 
proper distribution of masses rather than by the use of counter- 
weights the resultant is made zero. 

45. Balance of Kinetic Forces Due to Revolving Parts. — The 
principal revolving masses needing balance in engines are cranks 
and crank-pins. 

In approximate analysis the connecting-rod is divided and part 
considered as being at the crank-pin as already noted. 
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Any crank-pin and part of rod weight can be balanced by adding 
a balance weight, as in Fig. 75, at an appropriate distance. 

Each balance weight of W pounds is placed so that the radius 
Ry of rotation for its center of gravity, has the following relation to 
other quantities. 



.QOOi^WN'^R = .ooo34iV2 



^(weight one crank) X (distance of\ 
^ center of gra\dty from center) / 



Let 



then 



+ J(equivalent part of connecting-rod 
X crank radius) 
-+Kcrank-pin weight X crank radius). - 
f= crank radius; 

f^= radius of center of gravity of crank; 
TF^p= weight crank-pin; 
IFp= weight crank; 
PTr- weight of proper part of rod; 



WR-^W/^ + W^^ + WrT. 



(70) 



B 



B 



CD 



^ 



(J 



O 



Fig. 75. Fig. 76. 

Usually R is chosen equal to r for convenience and W found 
and properly distributed. 

The weight W^ can be balanced most easily and directly by 
simply extending the crank across the center as in Fig. 76. If 
this is done and if r =i?, 

W^W,p + Wr (71) 

Putting all dimensions in inches and pounds and calling the 
thickness of crank /, the area A BCD necessary for the balance- 
weight, which we will call A\ can be found with the assistance of the 
table of weights of metals. 
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Wrought Iron. Steel. Cast Iron. 

Wt. I cu. in ^w = .277 .283 .26 

Wt. I cu. ft =W^^ =480.0 489.6 450.0 

Vol. in cu. in. per lb. = V = 3.6 3.53 3.84 

W^A'xtXw; 



A' = ' 



tXw 



(74) 



This weight must be symmetrically distributed on both sides 
of the extended crank, and so that its center of gravity is at crank 
radius from the center. 

It is sometimes desirable to balance the crank and pin by a 
mass in the fly-wheel. If in Fig. 77 the mass B be placed on the 




Fig 77. 

fly-wheel so that W/f^ = WaTa, and on the opposite side of the crank, 
then there will exist static balance — that is, the gravitational forces 
of the two masses will balance — but this is of no consequence since 
the centrifugal forces form a couple whose moment is 

Moment of couple = 0.00034 W^araiV2/ 
-o.ooo34W/,iV2/ 

and therefore there is not kinetic balance. 
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No single rotating mass can balance another kinetically except 
when applied in the same plane. Application of balance weights 
in any other planes requires two weights at least, and these may be 
applied on planes with the original weight between them, as in 
Fig. 78, where weights are on two fly-wheels, or on planes both 
on the same side, as in Fig. 79, where weights are added to opposite 




Pig. 78. 



Fig. 79. 



sides of the spoke of the same wheel. Both these methods may 
overcome the couple. These masses and their radii can be easily 
found by the Dalby method. 

46. Balance of Revolving Parts by Masses Placed in Two 
Planes. — Choose a reference plane in one of the weights to be 
applied (Fig. 80), for example, plane of revolution for 5, thus elimi- 
nating one moment from the equation for zero resultant moments. 
The vector sum of the forces and couple moments must separately 
be zero. 

For no couple about o, the sum of the moments =0, hence 



Vector sum {WarJa + WrJ^).ooo^4N'^'^o, 



(73) 



The couple whose moment is o.ooo^4N'^W arJa tends to produce 
rotation about an axis through o, and in the direction of the arrow 
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on the arc through il. The couple whose moment is o.ooo34N^W/J^ 
should tend to produce rotation about the same axis xoc^^ but in the 




opposite direction. Moments of couples may be designated by a 
line called the axis AB (Fig. 8i) and which is in length proportional 
to the moment and drawn on that side of the plane of rotation so 
as to make the motion when looking toward the plane seem counter- 
clockwise. Such axes may be combined for resultant moments 
just as are forces. 

In the case just discussed, the two axes would be in the reference 
plane and at right angles to the 
radii of the masses, but be oppo- 
site in direction. For balance the 
two axes must be equal in length. 
This is the statement of equation 
(73) that the vector sum of the 
couple moments should equal 
zero, or 



MaP* 



w/.- 



l 




M«r, 



Fig. 82. 



Fixing on some convenient radius 

r^ usually just inside the fly-wheel 

rim, W^ can be found in pounds. 

There is now no moment about O, but there are the reactions 
at O equal and opposite to the respective centrifugal forces of WA 
and WC to be balanced by a force WB, 

Vector sum {Wara^Wjr^-\-W/;)m^O. 

Hence in Fig. 82 closure gives W^, direct, and the magnitude can 
be found from the equation of the scalar sum. 
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47. Example. — Suppose a crank and pin with part of connect- 
ing-rod to weigh 50 lbs. and two fly-wheels at planes equidistant 
and each 10" from crank-pin center; center of gravity of crank to 
have a radius of 5" and radii of centers of gravity of masses to be 
applied, 20"; 
then PFo = 5olbs.; 

W,^ ; 

W,^ ; 

/a ==10"; 

/. = 2o"; 
h- o; 
r.= 5"; 
r,-2o-; 
f ^ « 20". 

„ ^ Watala J0X5X lO 2^ 

Hence ^,^—^-^-^^^^^-=-^6.2^ pounds; 

(5oX5)~(6.25X2o) 125 

pyfc = "^ = — ^«6.25 pounds. 

^ 20 20 *^ *^ 

Finding balance weights when the fly-wheels are unequally dis- 
tant, as they usually are in practice, to make room for the half-speed 
gear and driving-pulley for the following conditions, gives unequal 
weights: 

W^ii=SO /a«=IO ^a=5 

W^^ i, = 24 r^ = io 

From which pr^ = 10.42 lbs. and ^^^, = 7.43 lbs. 

This general method of using two planes of application for the 
balance weights of revolving masses and determining the location 
and mass of these weights by taking a reference plane and one 
balance weight and 

making vector sum of centrifugal forces =0, 
'' '' " couples -o, 

a^ developed by Professor Dalby, is always available, but is not so 
direct as the method of individual weights for each crank. It becomes 
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possible in a four-crank engine to select the two planes of applica- 
tion as those for the two outer cranks, and when weights and dis- 
tances are very unequal, as they are in multiple-cylinder marine 
^nginei, the system can be balanced in itself by properly adjusting 
the weights of the two outer cranks and determining the proper 
angles between the cranks. The great value of the method is not 
in its application to revolving weights purely, but in the balancing 
of reciprocating inertia forces of the first period. The unbalanced 
force in a system of revolving masses is the vector sum of the forces 
acting or is the closure of the centrifugal-force polygon. The 
unbalanced centrifugal couple is the vector sum of the centrifugal 
couples or is the closure of the polygon of couple axes. 

47. Balance of Elinetic Forces from Reciprocating Parts with 
Approximate Formula and Divided Rod by Revolving Parts. — ^If 
the reciprocating parts be imagined acting horizontally at the crank- 
pin, which of course they do by the rigid-rod transmission, and if a 
revolving mass be placed on the crank opposite, a partial balance 




Pig. 88. 

will exist. For the horizontal component of centrifugal force (Fig. 
83), AB may be made equal at any point to the first-period hori- 
zontal inertia forces of the reciprocating forces DC, 

But two facts in this connection must be noted: 

1°. There is still an unbalanced vertical component of the 
revolving balance- weight. 

2^. If the horizontal components balance at some angles they 
will not at others, as can be easily shown. 

It was found that for approximate analysis the inertia force was 
given by 

F-o.ooo34priV2r (cos 0+ai cos 2 0). 
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Calling w the rotating balance weight, then its horizontal com- 
ponent at radius p is 

o.ooo^^wN^p cos d. 

If these two horizontal forces are to be equal 

W^f (cos O-ha cos 2O) =wp cos d; 
Wr(cosd+acos 2d) 
p cos 



.". W-- 



The changes in w for the different angles is shown by the table* 



d 


w 


o*> 


K-'x,,.., 


45° 


t'x, 
p 


90- 


Wr -a 
P~ 


135° 


> 


i8o» 


Sx(.-a) 



The fact that at 90° there is no horizontal component of the 

Wr 
centrifugal force makes the quotient - - = 00 or indeterminate. 

It is plain that no revolving weight placed counter to the crank- 
pin can ever balance the reciprocating parts whose inertia is given 
by this formula. 

When more exactly given the inertia-force formula is a Fourier 
series, and given by 

F 

-T=c(C0Sd-{'(/ COS 2 6 

-h c" cos 3 

-fV" cos 4/? + etc.). 

For the approximation used throughout this work terms above cos 
2 arc dropped, but if retained, as they should be for exact work, 
the equation above will show how very far from perfect balance is 
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a rotating part when opposed to a reciprocating part on a finite 
connecting-rod. Dropping all but first-period terms and so neglect- 
ing all but firstsperiod forces, it will appear that 



w«- 



Wr 



and this shows that forces of the first period may be balanced by 
revolving parts, but none of higher period. Sometimes this is suf- 
ficient, but often it is not, and when not, other devices must be used. 

48. Balancing Reciprocating Parts by Similar Parts.— A perfect 
balance can be secured by introducing masses with inertia forces 
of second, third, fourth, etc., period or by 
directly opposing exactly similarly moving 
parts. John Macalpine, who devised a recipro- 
cating system shown in Fig. 84, has stated the 
means for securing the required periodic forces : 

1°. The use of revolving weights driven at 
the required speeds by gear-wheels. 

2*^. Bob weights in which the ratio of length 
of connecting-rod to stroke of the weight is 
properly determined. 

3°. Weights made to move in the required 
manner by other linkages than the simple rod 
and crank or eccentric. 

4°. Weights to which the required move- 
ment is given by cams. 

None of these systems has ever been used 
with gas-engines, but it is by no means sure 
that they may not. 

They are desirable or necessary only when the service rigidly 
fixes the arrangement of cylinders, as the screw-propeller drive on 
ships limits the arrangement to numerous parallel cylinders at various 
crank angles. 

With gas-engines, as used up to the present, a much greater 
elasticity of arrangement of ordinary parts has been practiced to 
secure balance, no bob weights or variable piston weights on odd 
crank angles being used. 

A reciprocating mass can be balanced only by another recipro- 




Fig.84. 
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eating mass so placed as to leave no free couples and no free 
forces. 

49. Two Pistons on Opposed Cranks. — Consider a pair of cylin- 
ders (Fig. 85) on cranks opposed and side by side. The inertia 
^-^^ ^^^ curve of A for the outstroke is given in 

^y ^ Fig. 86, and represents the equation 

^1 F W 

' I 1 j=o.ooo34-T-iV2r(cos^+acos2^). At 

I the same time the piston B is on its re- 

-X- l ■ ■ turn, giving the curve By Fig. 86. The 

algebraic sum of these ordinates is not 
zero; that is, the inertia forces are not 
equal nor are they opposite. If they 
acted on one line there would be no 
couple; however, their lines of action are 
separated by a distance equal to the 
distance between their cylinder centers. This will form a couple 
which has the arm d and whose force is given by the difference 
between the inertia curves. 




Fig. 85. 
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This moment is a maximum every time a piston starts toward the 
crank; that is, twice per revolution. As it is zero at some inter- 
mediate point, the effect will be a shaking of the frame as well as a 
rocking. The closer these two cylinders center lines, the less the 
couple and the less the rocking. Thus in Fig. 87, by placing the 
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cylinders on opposite sides of the crank-shaft, the arm of the couple^ 
instead of being about ij cylinder diametersj as it often is in small 
engines to account for the jacket and walls, has become the distance 
between connecting-rod ends which is equal tp the length of a single 
crank-pin. By forking one rod, as in Fig. 88, the inertia forces 





Pig. 87. 



Pig. 88. 



are directly opposed and the arm zero and the couple eliminated^ 
though the resultant forces are not zero. 

50. Other Arrangements for Two Pistons. — By using two cylin- 
ders whose cranks are not opposed, balance will not result. Take 
for example a 90° crank angle. Then (Fig. 89) the inertia curve of 
A will be combined with the inertia curve of B displaced by the 
distance ?, or the path of the piston for a 90® crank movement, 
leaving forces acting whose amount would be the algebraic sum of 
the two inertia curves. Fig. 90, and no couple if the cranks were 
forked as in Fig. 91, but which in case of Fig. 89 leave an unbal- 
anced couple as well. The difference between these cases is not 
simply the pressure or absence of the couple, as the resultant free 
forces are not zero. 

Two pistons, as in Fig. 92, with three equal cranks give nearly 
balanced forces and no couple. The differences which exist arise 
from the different rod lengths, even when masses are equal. The 
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Pig. 89. 
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inertia formula, it will be remembered, involves the rod to crank 
ratio. Making ai, the same in both reduces the case to that 




Fig. 91. 

of Fig. 85. However there is still a disturbing force whose amount 
is the diflEerence between the inertia curves. In combining, the 



^ 




Fig. 93. 

incenter of one must be combined with the outcenter of the other, as 
in Fig. 93. 

The fact that there is a difference at all is due to the fact that 
the angles of the two rods are not equal for any given crank angle 
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and therefore pistons have not equal acceleration for some crank 
angles. 
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SI. Three-crank Balance. — Three equal cranks when set opposed 
so that the central crank opposes the two outer ones, and where 
the reciprocating masses of the center equals twice that at either 
side, is ah arrangement that gives no couple, but leaves unbalanced 
forces, as in the case of Fig. 92, equal to the combined inertia 
diagram. 

When three cylinders are arranged with axes at 120° and all 
in same plane with forked connecting-rods, there is the same mass 
acting at the same radius and same speed at three equal angles. 

Call these angles of the crank with respect to each cylinder 
axis Oy ^ + 120°, ^ + 240°. These three inertia forces are then added. 

^^ — Ar2 ^ cos ^ + cos (120° + »)+ cos (240^ + 0) "j 

A -®-^^34^ ^ ''L + (cos 2 ^ + cos 2 (i2o+/?)+cos 2 (240°+^)]' 

But 

aO=OC^rOh. 

In Fig. 94 it appears that 

cos^+cos (120°+/?) + 

cos (240+0) =0, 
and similarly 

cos 2 + cos 2 (120 4-0) -f 

cos 2 (240 + 0) =0; 

Hence for this case there is perfect 
^' balance of the purely reciprocating 

parts, since no free forces and no couples exist. 
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By placing the three cylinders in line with three cranks, at lao*' 
there is introduced a couple, with the same three forces, however, 
balanced otherwise in themselves. 

52. Four or More Crank Balance. — Four cylinders when arranged 
as shown in Fig. 95 will give no couple, as the couple arising from 
cylinders A and B is balanced by that of C and -D, acting to turn 
the frame in the opposite direction. But there are free forces equal 



Fig. 95. 

to twice the combined inertia diagrams of A and B. In Fig. 96 
the curve aa is the inertia diagram of A on outstroke, bb that of B 
on instroke, oox the combined diagram, and yy the same with double 
ordinates. The forces themselves can be eliminated with the couple 
by radial cylinder;^ on one crank if all work in one plane. 

More than four cylinders makes balancing of reciprocating parts 
easier. Five cylinders and equal cranks with a double mass in the 
center will do, and six cylinders doubling three is also free of forces 
and couples from purely reciprocating parts, as the couple of that 
case meets another similar and opposed. 

53. Special Arrangements for Balance. — ^Various odd methods 
of connection have been used for balance, but usually with more 
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bad points than good ones. Of this class is the double-gear crank 
discs, Fig. 97. In this it is readily seen that by revolving counter- 
.weights the first-period inertia forces can be separately balanced, 
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while the usually unbalanced components perpendicular to cylinder 
axis are balanced one by the other at their respct:ti\e bearings by 
the reversed rotational direction. 

Opposition of the pistons, but still dependent on gears, is done 
as shown in Fig. 98. Oppositely moving pistons with exactly equal 
rods, cranks, and angles and all in the same plane, hence producing 
no rotating couple, is secured by the device of Fig. 99 — large driving 
shaft. Equal acceleration is secured by a number of links, all having 
-weight, and two cranks necessarily out of line, so that a slight couple 
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will exist. Each additional moving part calls for more service 

from the crank, since each has some 

inertia. 

Another and much more common 
method of securing the oppositely mov- 
ing pistons is shown in Fig. 92. Here 
unequal rod angles mean unequal pis- 
ton acceleration and hence only partial 
balance. The introduction of side 
cross-heads to give equal rods would, 
if weights were kept equal, produce 
fair balance. 

54. Shaking, Rocking, find Vibration of Frames. — From what pre- 
cedes it will appear that the kinetic forces of the mechanism which 
may be balanced wholly, partly, or not at all are of the following 
classes: 

I®. Forces due to the inertia of the reciprocating parts in the 




Fig. 97. 
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direction of the cylinder, which may be balanced by other similar 
reciprocating parts properly placed, but in no other way. 

2®. Centrifugal forces due to cranks, crank-pins, and other truly 
rotating parts and which are easily balanced completely. 

3°. Centrifugal forces due to the connecting-rod which may be 
balanced only by a similar and oppositely mo\dng piece. 

4®. Centrifugal forces due to counterpoises for reciprocating^ 
parts which always have free forces. 

5®. Couples due to combination of the preceding forces acting, 
along different lines. 



Digitized by V^OOQIC 



no 



GAS-ENGINE DESIGN. 



6°. Couples due to the inertia of the fly-wheel and other rotating 
parts. 

I 7°. Vibrations due to yielding of frame at slides and yielding 
of supports. 

Shaking will result from forces which are: 

1°. Variable in amount but constant in direction, such as result 
from the ^reciprocation of the piston, etc. 

2°. Constant in amount but variable in direction, such as the 
centrifugal force of a revolving mass. 

3°. Variable in amount and direction, such as result from true 
connecting-rods. 

A single force such as results from a pure reciprocation tends 
to lift and drop the bed when the engine is vertical, and the period 




Fig. 99. 

-of the force will be the period of the shaking that will result. As 
the true inertia for a finite rod is given by a Fournicr scries, the 
lifting will be a force of many periods; or, better, there will be many 
such lifting and dropping forces occurring at time intervals: 

a -equal to that of the engine revolution; 
6— '' ** one-half the engine revolution; 
c— ** *' one-third the engine revolution, etc. 

Should any part of the frame be flexible it might have a natural 
period of vibration, just as has a bar, a string, or a spring. Just what 
is the natural period of vibration of the frame it is impossible to 
calculate, but by remembering that the first-period forces from 
the reciprocation are greatest, and that the stiffer the frame, and 
therefore the shorter its period, it appears that for stiff frames syn- 
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chronism between the inertia forces and frame periods will occur 
only with the higher period and so with the smaller inertia forces. 
It is for this reason that irregular, stiff frames are preferable to sim- 
ple flexible ones, and frames are designed for stiffness and short 
.period of vibration rather than merely for strength. 

When a shaking force acts on a part of a frame held by a bolt 
at one point, there is at the bolt an equal opposite force, and the 
two forces acting at a distance tend to turn the frame. Thus a 
rocking or tilting couple results. Two active forces in the frame 
itself, regardless of the holding-down counter forces, may produce 
these tilting or rocking couples. 

The above cases exist when there are unbalanced forces, but 
should all the kinetic forces be balanced, there would still be a 
rocking couple equal to the turning moment at the shaft. As the 
shaft is driven in one direction the engine frame is driven in the 
opposite direction ; that is, the frame tends to turn about the shaft. 
If this turning moment be perfectly uniform, there will be no tend- 
ency on the part of the frame to rock, but if the couple be very 
irregular, such as results, as will be seen later, in a single-cylinder 
four-cycle gas-engine, the frame will be driven backward with a 
variable force whose moment equals the turning moment, and will 
cause a rocking efifect, and with a springy support, vibrations of the 
whole system. 

The periodic changes of turning moments compared with the 
natural period of the frame and supports will determine just how 
serious will be this kind of vibration, for it is only when in syn- 
chronism that these periods result seriously. The periodic change 
of turning moment will be examined later for various conditions 
in gas-engines. 

55. Shaking Forces and Crank-angles. — ^The kinetic forces that 
produce these shaking, rocking effects and resultant vibrations are 
best examined by dividing them into two systems, one axial or 
parallel to the cylinder axis, and the other perpendicular to this. 
These two systems will be called the axial and the transverse. 

Inertia forces of reciprocating parts are always axial. Cen- 
trifugal forces are to be divided into axial and transverse com- 
ponents; thus cranks, part of connecting-rods, crank-arms, and 
balance weights will give two components. 
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Centrifugal force '--o.ooos^WN^. 

Axial component '^^o.oooi^WN^r cos d; 

Transverse component « 0.00034 tFiVV sin d. 

Plotting these forces from two axes at right angles to each other 
and vertical forces upward or downward through each point or 
crank-angle will give a curve. In Fig. 100 lay off equal crank- 




angles giving points aicdef, etc., for 0°, 30^ etc., of crank from 
the axis of cylinder CD. 

Then at O lay off Oa and Og equal to o.ooo34J/iV2r. 

Verticals bF, a/ will then represent 

bV = 0.00034 W^iVV cos 30®, 

c(/ = 0.00034 W^iVV cos 60°, etc.; 

so that the circle represents the curve of centrifugal forces. Axial 
components at any angle will be the distance from the point to 
the base ABy while transverse components are given by perpen- 
diculars to the base CD. . 

This curv'e can also be laid off from a base line divided into 
equal parts, each part representing an equal angle. This will give 
two curves, one a sine curve and the other a cosine curve, of equal 
amplitude. 

In Fig. loi divide the base AB into twelve equal parts, each 
representing 30"^. Lay off aa' equal to o.ooo34il/iV2r, corresponding 
to cos o®; also gg^, corresponding to cos 180°; also mm\ corre- 
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spending to cos 360®. Then complete the cosine curve passing 
through d at 90° and j at 270®. This curve will represent axial 
force due to the revolving mass at each crank-angle. Similarly 
draw for the same angles the sine curve, which is the same as the 
above displaced gcP and having same amplitude. In Fig. loi the dot- 
ted line will then represent transverse forces due to revolving mass. 
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Pig. 101. 

56. First- and Second-period Reciprocating Inertia Force and 
Crank-angles. — ^In a similar way the axial force, displacing the 
frame, due to the reciprocating mass, can be laid down. -The force 
is given by a Fourier series of several successively smaller periods, 
but in the approximate analysis only the first and second have 
been retained, and this leaves 



where 



i5' = o.ooo34priV2r (cos tf+ai cos 



ai-j. 



This can also be plotted directly from the circle, as in Fig. 102, 
by dividing the work 'into two* parts. The first part, involving the 
first-period force only, is precisely the same as for revolving masses. 
Hence on a circle whose radius is 0,0001/^N'^r the absciss e Oa^ 
Vb, cfCy etc., represent the inertia forces of the first period. To 

get the second-period forces add to each abscissa a fraction j of 

the abscissa of twice the angle. 

Thus to bV for 30° add jXc(/ ^bV\ 

When this addition is done algebraically the curve results. 
Using a straight-line base with equal spacing for equal angles 
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makes the effect of the second-period force clearer. In Fig. 103, 
cb^bc^cd, each of which represents 30° and aa' represents 




Fig. 102. 

0.00034WJW, the rest of the curve being the cosine curve JVd^ 
«tc., of this amplitude. 
When 

e^d" (?-90^ (?-i8o*^ e-270® ^-360° 

2^-0^ 2^-180*^ 2^-360^ 2^-540° 2^-720° 
cos 2 tf - ± I ; hence at d lay off dd" downward and equal to 
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Pig. 108. 

This gives the amplitude of the second -period cosine cur\^e a"V'(f\ 
etc. Combining these ordinates, there results the total curve 
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i]l"V"d"i*" y etc., giving the axial components of the inertia forces. 
The ordinates aa'", hV'\ etc., of this curve are the same as those 
of the inertia diagram drawn to the piston-path base. Thus in Fig. 
104, representing the usual inertia* curve aV> is the piston path a'V \ 
(fd'f etc., are the piston position corresponding to the crank position 
of abed, etc., of Fig. 103, while the ordinates a, a'" are precisely 
the same as in Figs. 103 and 102. 

The effectiveness of the balance for the reciprocation inertia 
forces by the use of a revolving counterbalance is shown by com- 
bining the diagrams on an equal angle base for the two cases. 




Fig. 104. 

Thus for the axial components when there is no balance weight 
there will be two first-period cosine curves added to a second-period 
curve. One first-period cosine curve shows the axial components 
of the centrifugal force, while the other first-period and one second- 
period curve show the reciprocating effect. 

The addition of a counterbalance weight introduces a first-period 
cosine curve of amplitude according to its mass and with a phase 
difference of 180°. 

Should the amplitude of the cosine curve for the counterbalance 
be equal to the sum of the other two first-period curves, or, in short, 
should the mass of this counterbalance equal the mass of the recipro- 
cating and revolving masses, then the unbalanced axial force is 
simply that of the second period. 

This, however, greatly increases the transverse components, as 
has already been pointed out; but then the form is a sine curve. 
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Thus for masses selected as above the axial unbalanced force is a 

r 

second-penod cosine curve of amplitude j X that of the transverse 

unbalanced force of first-period and amplitude, o,Qoo2,AWN^r. 

When several cylinders with various reciprocating and revolving 
parts are combined, then the unbalanced forces are given by the 
algebraic sum of the individual curve ordinates, but each must 
be first set out according to phase of cranks or counterbalances, as 
the case may be. By this means not only may the extent of the 
shaking forces be found, but the nature of their variation through- 
out one or several strokes and their periods. 

The knowledge of the period of fluctuation is important in con- 
nection with possible synchronism with some of the framed supports, 
especially in boats, automobiles, and in buildings, particularly large, 
tall steel structures. 

The tendency to rock or tilt depends, as has been noted, not on 
forces alone, but on the arm of the couples set up as well. These 
arms in an engine are all constant and it is only the forces 
which vary. The nature and extent of the variation can be found 
as shown. The couple curve might be drawn if \l is desired; its 
form will be the same as that of the unbalanced force. Its amplitude 
for a system of numerous couples is to be found by the maximum 
closure of the couple polygon, all forces having arms with reference 
to an imaginary reference plane. 

All the preceding work presupposes the connecting-rod to give 
effects the same as would result from two separate masses, one at 
the crank-pin revolving and the other reciprocating with the piston. 
A real rod is continuous, and its effects are different than those which 
result from the divided rod. 

57. Effect of Correctly Treating the Connecting-rod as a Contin- 
uous Mass Rather than a Divided Mass. — Mr. John Macalpine has 
given a very clear statement of this in a paper in " Engineering," 
Oct. 22, 1897. He says: 

" The true movement of the rod makes it necessary to investigate 
four problems. 

*'i4. The inertia forces parallel to the axis of the cylinder. 

"5. The inertia forces at right angles to the axis of the cylinder. 

'*C. The couple acting on the rod to produce its angular motion. 
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**!>. The turning moment at the crank due to the inertia of the 
connecting-rod. '* 

Investigating these effects the following conclusions are pre- 
sented. 

A. This force "-4" can be expressed in a Fournier series of peri- 
ods similar to that found for the reciprocating parts. For the first 
period the force A is not affected by the angularity of the rod, but 
there are terms of higher period which are not large or serious in 
general. The expression is 

cos 2 d{<x + \a^ + W^a^ + 

~cos4^( i^^H- A«^ + 
+ COS 6 d{ ■ +i|ga^ + 



I 



■- (o.oco34^^'iV2r cos fi + (i - jfe) 



P _ £_ distance from wrist-pin to rod center of gravity 
" / length of rod 

B. This force at right angles to the cylinder is the same as if the 
mass of the rod were divided and a part concentrated at the crank- 
pin, inversely proportional to the distance of the center of gravity 
from the ends, and is given by 

B = -(o,ooos4WN^)K sin d. 

C. The value of the couple is, if /-moment of inertia of rod 
about its center of gravity, 

/ sin d(a -f 1^3 4. ^5j. ^5 4. etc.\ 
C- -o.ooo34iV2/| +sin 3 d( + la^'hj%\a^+ttc. Y 
\-sin5tf( +iV]5^5^.etc7 

D. The turning moment due to the rod of weight W is 



D -o.ooo34TFJV2r2(i -k) 



sin eiia + j^a^-httc. 
-sin 2 6x^(1 -\-K) 
— sin 3 Oda-h-^ja^-h etc, 
-sin4^(Xia2(i«Ji:) 
+ sin 5 ^(/ya^+etc. 



+ 

sin 2 
+etc., 



which, when K^o and /=o, reduces to the expression for mass 
at crosshead. The magnitude of these effects — ^that is, the mag- 
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nitude of the variation introduced by the correct effects compared 
with approximations resulting from dividing the rod— are of no 
consequence so far as turning effort is concerned, but may be 
in special cases where fine balancing is required. No accurate 
calculation of free forces tending to shake rock or vibrate the bed 
can be made without considering these exact conditions, but in 
most gas-engines up to the present time, balance, where secured, 
has been attained by arrangement of counter parts as explained, 
without knowing just what was the rod eflfect. Should future work 
demand such analysis, designers may refer to the work on the sup- 
ject by Professors Klein, Dunkerly, and Dalby, Messrs. Macal- 
pine, Macfarlane, Grey, Admiral Melville, and others, the best of 
which have appeared in the proceedings of the societies of naval 
engineers. 

58. Turning Effort Corrected for Inertia (Approximately) and 
Divided Rod. — ^The force acting on the wrist-pin is transmitted to 
the crank through the oblique connecting-rod. The tangential 
component of this transmitted force, or so much as is transmitted, 
is the turning force and the diagram of turning forces showing the 
changes in the tangential forces is the crank-effort diagram. When 




A. ^ 



Fig. 106. 

multiplied by the crank radius it gives the turning moment. The 
area of the crank-effort diagram on the developed crank circle as a 
base gives the work done per cycle and should equal in area the 
indicator card. Its mean ordinate is the mean turning effort or, 
as more generally called, the mean resistance. The tangential turn- 
ing force is found either algebraically or graphically. Graphically 
the eflective pressure P, Fig. 105, is laid off on AB and resolved 
by parallelogram into components BD against the slide and DA 
along the rod. I/A^ ^DA at crank is similarly resolved into normal 
component UF^ exciting a force through the crank on main bearing 
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H5^ 



and Zy£, the tangential force. The turning effort, or tangential 
force, can be found in terms of the effective pressures for all crank- 
angles and can then be most easily plotted directly in connection with 
the tables given for inertia and piston positions. Such a table 
prepared by Klein is here given. 

59. Rotative Effect at Crank of Unit Horizontal Pressure at 
Wrist-pin. — ^To find tangential force multiply tabular quantity by 
effective pressure at wrist-pin. 



Cnmk Angles. 

■ 


Rod + crank-—. 
ai 


PorWRra. 


Return. 


4.0 


4-5 


S.o 


ss 


6.0 





80 

















30 


150 


.609.1 


.5968 


.5870 


.5791 


.5724 


45 


13s 


.8341 


.8195 


.8081 


.7988 


.7910 


60 


120 


.9769 


.9641 


.9540 


.9458 


•9390 


90 


90 


I. 0000 


I. 0000 


I. 0000 


I. 0000 


I.OCX)0 


X20 


60 


.7552 


.7680 


.7781 


.7863 


•7931 


135 


45 


.5801 


.5946 


.6061 


.6155 


.623a 


'I"" 


30 


•3909 


.4032 


.4130 


.4209 


.4276 


180 





















These are obtained from the relations 

/= tangential force at crank-pin, 
sin(d+(j>) 



t-P. 



cos^ 



in which 



sin ^—ai sin<?, 



cos <f> — Vi — a\^ sin^ 0. 

The graphic method is not so often used as the method involving 
the use of tables because the latter is quicker and more accurate. 
The method by tables may be followed in two ways, the first 
involving a determination of all pressures for equal crank-angles 
and the second the same for equal divisions of piston path. 

60. First Method of Equal Crank-angles. — Prepare a table with 
the following data, starting with crank- angles. 

1°. Find corresponding piston position for column 2 by the 
table. 

2^. Find inertia factor which is the value of (cos^-fai cos2 5) 
from the table and insert for column 3. 
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3°. Multiply the inertia factor by the engine constant, 
o.ocx>34 W/aN^ and place the products in column 4. 

4°. Draw on the indicator card vertical lines corresponding to 
the crank-angles as given for piston position in colunm 2 and 
measure the gas pressure by a scale for every piston position during 
four strokes. This will give columns 5, 6, 7, and 8. 

5°. Compare inertia forces and gas forces and observe whether 
driving or resisting, this will give net forces at the piston for columns 
9, 10, II, and 12. 

6®. Find the tangential force in terms of piston force for each 
crank-angle for column 13, the tangential factor. 

7®. Multiply the piston force, net, by the tangential factor and 
insert in columns 14, 15, 16, and 17. 



I 


2 


3 


4 


5 


6 


7 


8 


9 


10 


1 1 


12 


13 


14 


IS 


16 


17 










Gas Pressures. 




Net Piston 






Tangential 














Pressures. 






Pressures. 












^ 








^ 








p 


1 


|J 


4 


l-H 


.« 


1 


J 


6 


1 


In 


§ 

1 


1 




1 

K 


1 


^ 





























*s! 


































60° 


































< 


































I20« 


































^K 


































xso" 


































180° 



































The results in the last four columns should be plotted as ordinates 
to the first column, as abscissae repeated four times, equal spaces 
indicating equal angles and the whole base line being twice the 
circumference of a circle whose diameter is the stroke. 

61. Second Method of Equally Divided Piston Travel. — Having 
drawn the inertia diagram and indicator card to the same scale, 
Fig. 106, and on cross-section paper, divided into tenths so that 
fractions of the stroke as low as o.o2r can be read off, measure 
ordinates for each piston position and by scale or graphically com- 
bine them. For a four-cycle engine it is helpful for clearness to lay 
down on a four-stroke base the gas-pressure diagram of Fig. 107, 
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beginning with expansion and taking the phases in the following 
order — exhaust, suction, compression. Combining with the inertia 
diagram gives the effective or net pressure curve at the piston (Fig. 
io8). Placing these results in a table and using the tangential factor 
will give the tangential force for each piston position. This latter, 
by the table, can be transformed to the tangential force for proper 
angles corresponding to piston position. For this case with a card 
on natural gas and maximum initial inertia of 71 lbs. per square 
inch the table found follows. 

EXPANSION STROKE. 



Fraction of 
Piston 
Travel. 


Gas 


Inertia 


Net 


Tangential 


Tangential 


Crank 


Pressure. 


Pressure. 


Pressure. 


Factor. 


Force. 


Angle. 


.00 


99 


-71 


28 










.02 


256 


-68 


188 


.2220 




14.70 


.04 


259 


-64 


195 


.4277 




21.14 


.06 


251 


-61 


190 


•5170 




26.00 


.10 


207 


"55 


152 


.6185 




3380 


.20 


141 


-38 


103 


.8544 




49.98 


.30 


lOI 


"^1 


l^ 


•9654 




61.89 


.40 


75 


- 8 


67 


1.0075 




73.00 


•50 


59 


6 


6S 


I. 0146 




84.40 


.60 


48 


18 


66 


.9628 




97-75 


.70 


40 


29 


69 


.8900 




108.00 


.80 


36 


38 


74 


.7666 




121.82 


.90 


33 


44 


77 


•5533 




139.22 


.98 


32 


46 


78 


.2501 




162.00 


1.00 


25 


47 


72 







180.00 



These turning forces or tangential pressures may be plotted 
above a base hne equal in length to that used for the piston-pressure 

2 
diagrams, in which case the scale is - (horizontally) times the scale 

of the former, since the length, to have the scales equal, should be 

- times length of piston-pressure diagram. This gives for this case 
2 

Fig. 109. As the mean effective pressure for the indicator card is 
for one stroke, the mean driving force for four strokes, or two revolu- 

p 
tions, is - . Calling mean turning force F since the same wor'' 

4 
must be done at crank-pin as at piston, 

P 
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P 
or Ft^- (74) 

This mean turning force is indicated on the turning-effort diagram 
of Fig. 109. 

62. Data from Turning-effort Diagram. — Having found the 
turning-effort diagram, data that are exceedingly useful to the de- 
signer can be read off by inspection. The most important facts to 
be thus learned are: 

1°. Relation between maximum turning force and mean turning 
force to assist in finding maximum turning force when for a new 
engine only the mean is given. This is available at once in crank- 
shaft design. 

2^. The maximum energy AE delivered by the engine over the 
mean E of the cycle for any given case. In Fig. 109 this is the ratio 
of shaded area to the long narrow mean area. This is a measure 
of the fly-wheel weight necessary to limit angular velocity variations 
during the cycle. 

3*^. The number of times the turning force changes direction; 
that is, the number of times the real curve crosses the mean. This 
is a measure of the period of the rocking force of the frame as a 
whole about the crank-shaft. It is also the number of knocks that 
would be heard on a loose pin. 

It is necessary to know how these three results and other related 
data will vary with conditions, and for this purpose a great number 
of turning-effort diagrams have been drawn, some of which will be 
presented. The conditions which might affect turning effort are: 

1°. Kind of gas. 

2°. Method of working (two-cycle or four). 

3°. Combination of cylinders, phases, and crank-angles. 

4°. Inertia very low or very high. 

5°. Speed. 

6°. Load. 

7°. Mixture. 
I 8°. Ignition and throttle. 

9°. Size of engine. 

63. Change of Turning Effort with Conditions. — The case given 
represents a medium power engine on natural gas and with aver- 
age inertia giving for a single-cylinder four-cycle engine: 
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P =64.48 lbs. per sq. in., 
Ft^io.26 ** ** '' '' 
Maximum turning force 

Mean turning force 9-45/ 
JE 

The line crosses the mean approximately at every dead-center, 
and for the idle strokes also about mid-stroke. A little greater 
inertia would also have caused a reversal toward the end of the 
compression stroke. A change of load would have done the same 
if compression were lowered thereby. A smaller engine on car- 
bureted water-gas having a lower inertia, 22 lbs. initial, gave the 
results of Fig. no, in which {a) is the indicator card, (6) the inertia 
diagram, {c) the net driving-pressure curve at the piston. The 
turning-effort curve, Fig. in, shows, because of the lower inertia^ 
fewer reversals of effort, which is positive approximately for one 
stroke and negative for three. 

For this case 

P =82.5 lbs. per sq. in. of piston, 
F, = i3.i2 '' '' '' '' *' ** 
Maximum turning force 
Mean turning force '*''' 

JE 
E '^•'7. 

The last case was for a full-load card on best adjustment. When 
the card becomes flat through bad mixture or ignition, evidently 
the forces vary. A poor-mixture card is shown in Fig. 112, (a), 
(6), (c), with inertia as before, and the turning effort is given in 

Fig. 113- 

For this case 

Ft= 6.97, 

Maximum turning force 

Mean turning force * ' 

JE 

£- = 1.53. 
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It is hardly fair and not instructive to compare maximum turn- 
ing force to the new light-load mean, as is here done. It is much 
better to compare with the full-load mean. This gives 

Maximum turning force (bad mixture) ^ 
Mean turning (force full load) ^ ^^* 

Similarly for the JE the comparison when made with the full- 
load mean E gives 

Poor mixture JE 



FuU load E 



-0.81. 



The force of this appears when fly-wheels are to be designed. 
It shows that for this poor-mixture card there will be less angular 
velocity change than for the full-load card. 

Governing by the hit-or-miss method introduces idle strokes in 
which the compression curve is approximately repeated on expan- 
sion, as in Fig. 114, Fig. 115 giving the corresponding turning effort. 
This is practically the no-load case for the engine giving the cards 
Fig. no and Fig. 112. The mean effort is practically zero, and 
therefore when a full-load cycle is followed by one cycle like this, 
the ratios given above are to be doubled. 

A moderately small engine on kerosene with a maximum initial 
inertia of 18^ lbs. gave the results shown in Fig. 116, where (a) 
is the indicator card, (b) the inertia, and (c) the curve of net piston 
pressures. Here the inertia forces are insignificant compared with 
the gas-pressure forces. The turning-effort curve. Fig. 117, as a 
consequence has but one pair of reversals, the engine being acceler- 
ated one stroke, nearly, and meeting- continuous resistance for 

three. 

P-92.8, 

Ff-- 14.78, 
Maximum turning force _ _ 

V> • ' ' e =0.20, 

Mean turnmg force 

JE 

-g- = i.o7. 

A producer-gas card and turning-effort curve with a little larger 
initial inertia, 49 lbs., is shown in Fig. 118. The curve has the 
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characteristic wave for high inertias, though this value is not high 
except when compared with the mean turning force. For this case 

P =48.64, 
Ft^ 7-68, 
Maximum turning force 

Mean turning force ~9-5 > 

JE 
-g=i.4i. 

64. Speed Effect on Ttiming Effort. — Speed increase may affect 
a card by flattening when the rate of propagation in the mixture is 
constant, at the same time inertia forces increase. Therefore the 
effect on the turning-effort diagram will be double as both curves 
change. This is illustrated in the following two cases. A card from 
a small gasoline-engine, Fig. 119, at slow speed with only one pound 
initial inertia, as the engine was very small, gave the turning-effort 
curve shown. This curve gives the data following: 

P=48.8, 

^/= 7-77, 
Maximum turning force 

Mean turning force ■"9' 4f 

JE 
-g-«i.i4. 

On increase of speed, so as to increase inertia to an initial value 
of 35 lbs. per square inch by speed increase alone, the turning effort 
of Fig. 120 results. Here the nature of the curve has become quite 
different not only during the working stroke but also during the rest 
of the cycle: 

P« 28.96, 

Ft= 4.61, 
Maximum turning force 

Mean turning force "" '^ ' 
Maximum turning fo rce (reduced card) 
Mean turning force (original card) ' 
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AE 



E 



= 1.43 



AE 
Original £^^'^5' 

The last case of. speed change involved a combination of increasing 
inertia forces and decreasing gas pressures. When, however, an 
automobile engine is carrying a fairly steady load resistance, speed 
may be varied by throttle and ignition changes, and these effects are 
shown in the succeeding series of curves, in which the speed has been 
taken proportional to the mean pressure P and the highest value is 
JV = 2052. This case is shown in Fig. 121, for which 

^ = 75-52, 

Ff «I2.02, 

Maximum turning force 

Mean turning force ~ ' '' 

AE 
-£=1.23. 

By decreasing speed on this full- load card to 565 there results Fig. 122, 

for which P and Ft are the same, but the ratio of maximum to mean 

turning force has fallen to 6.74, proving a most important fact, that 

AE 
this ratio is dependent on inertia. Also the ratio -^ has fallen 

by decrease of inertia only to 1.15 from 1.23 because of the redis- 
tribution of effort. Decreasing the speed by the throttle to the effects 
shown by Fig. 123, and still further by late ignition to Fig. 124, and 
finally by both actions simultaneously to Fig. 125, gives the resultant 
effects tabulated. 

Throttle Late Close Throttle 

Closure, Ignition, and Late Igni- 

Fig. 123. Fig. 124. tion, Fig. 125. 

P 41.60 40.00 11.04 

Ft 6.62 6.37 1.76 

Maximum turning force 
Mean turning force ' * ' ^'^^ ^4-77 

-y; 1. 10 1.68 2.25 

E ^ 

Initial inertia 74 . 5 69 . o 5.0 

The conclusions are evident and in line with previous comments. 
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65. Two-cycle Turning Effort. — ^Two-cycle engines pass through 
their complete series of pressure changes in two strokes, or one 
revolution, therefore their effective or net pressure curves and turn- 
ing-effort diagrams are laid off on base lines only half as long as 
for four-cycle engines. A two-cycle card and its corresponding 
inertia diagram are shown in Fig. 126, (a) and (b); (c) represents 
the piston net pressures and (d) the turning-effort curve. In general, 
the mean turning effort is twice that for a four-cycle card and given 

by i^.=f 

For this curve the characteristics other than the simple single 
reversal of effort on each dead-center are : 

^=63.52, 

Ft ^20.22y 

Maximum turning force 
Mean turning force 
JE 
E 



=420, 



1.26. 



The fact that the mean tangential force is higher for a two-cycle 
and tynce its amount for a four-cycle card has also the effect of 
halving the ratio of maximum to mean. 

When cylinders are double-acting, the turning effort for one 
side must be combined with that for the other side. In making this 
combination there are four ways in which the four phases in two sets 
can be combined as follows, if four-cycle : 



Head end j Compression 
Crank end ( Suction 
Head end j Expansion 
Crank end ( Suction 
Head end j Exhaust 
Crank end ( Suction 
Head end j Suction 
Crank end | Suction 



Expansion 

Compression 

Exhaust 

Compression 

Suction 

Compression 

Compression 

Compression 



Exhaust 

Expansion 

Suction 

Blxpansion 

Compression 

Expansion 

Expansion 

Expansion 



Suction 

Exhaust 

Compression 

Exhaust 

Expansion 

Exhaust 

Exhaust 

Exhaust 



(I) 

(3) 
(4) 



When, however, the cylinders are two-cycle the combination 
of phases is: 



Head end J Compression 
Crank end I Compression 
Head end j Compression 
Crank end | Expansion 



Expansion 
Expansion 
Expansion j . ^ 
Compression f 



(<0 
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As the result of combining by method (i) is simply to double 
ordinates, and not to nullify positive by negative force, the latter 
method (2) is preferable. 

The two-cycle engines are often, in fact generally, fed from 
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separate compressors which may have separate cranks and recijj- 
rocating parts. In cases like this the resisting-effort curve for the 
air-pumps must be combined, observing the appropriate angular 
lead, with the turning-effort diagram of the power cylinders. In 
this way Fig. 127 was drawn for a medium-powered, double-acting^ 
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single-cylinder, two-cycle engine. Fig. 127 (a) is the power indicator 
card, (6) the inertia diagram for the weights and speed, (c) the 
turning effort for motor cylinder, pump cylinder, and net turning 
effort for one cylinder, (d) the turning efiFort for two cylinders with 
proper phase difference of 90®, the crank-angle between these two 
double-acting cylinders. These two diagrams give the following 
data: 

Two-cyde Double-acting. 
One Cylinder. Two Cylindeis. 

P. 78s 785 

Ft 25.0 50.0 

Maximum turning force 

—^ : — I — r 2.84 2.13 

Mean turnmg force 

JE 

-E 38 .17 

66. Phase Relations and Inertia on Turning Effort. — The 

two most important influences to be studied are the combination 
of phases and their effect on the above and the influence of 
inertia on the same result. For this purpose Fig. 128 (a), (6), 
(c), {d)j etc.', is presented in connection with Fig. 129 (a), (b), (c), 
(fiO, etc. Both sets are based on the same indicator card, (a) from 
an engine using producer-gas, but in each case the inertia (b) is 
different; in Fig. 128 it is unusually low, 26 lbs. initial, and in Fig. 129 
unusally high, 208 lbs. initial. In both figures the letters have the 
following significance: 

a = indicator card; 

6 « inertia diagram; 

c =turning effort, one-cylinder; 



tt it 



720° 
two- '* phases -— -360®; 



720° 
" '* three.'' '' ^=240^; 

- four- *' " ^"-^80^ 

4 
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a ** 



five- 



<c 720^ 



«I440 



** '' six- '* 



t = 



_ i< t( 



eight- '* 



6 ^ ' 



8 ^ 



The data from these diagrams other than reversals which can 
be read off at a glance are tabulated below. 









NUMBER OP CYLINDERS. 
















X 


a 


3 


4 


5 


6 


8 


Initial inertia. . . . 


36 


308 


36 


308 


36 


308 


36 


ao8 


36 


308 


a6 


308 


36 


308 


P 


48.8 
























48.8 




























Ft 


7 


7 


14 


14 


31 


31 


38 


38 


35 


35 


42 


42 


56 


56 




Max. turning force 


7.8a 


M-57 


4-57 


13.50 


3.4a 


5.50 


1.68 


17.59 


3.14 


3.06 


1.38 


3.80 


1.44 


1.66 


Mean turning force 


JE 
E 


.78 


.84 


.73 


1. 56 


• 57 


.59 


.33 


3.36 


.39 


.19 


.15 


.59 


.13 


.zx 



Extremely significant is the manner in which these ratios change 
with inertia and cylinder combination after what has been said on 
balance. The results will be referred to again and used in designing 
crank-shafts and fly-wheels. 
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PART III. 
DIMENSIONS OF THE ENGINE PARTS. 

67. Cylinders. — From what has been presented in Part I., 
the diameter stroke and R.P.M. for a single cylinder of the required 
power can be calculated and the probable economy predicted. Con- 
siderations of balance or turning effort may show some particular 
multiplication of cylinders with some special grouping to be desir- 
able. In this case the same displacement per minute will give the 
required output when divided among the desired number of cylin- 
ders. Having the number of cylinders, their general arrangement, 
the stroke and diameter, there remains the filling-in of details of 
requisite form and dimensions to secure the result in physical actions 
and to resist the stresses set up by gas pressure in the cylinder and 
the kinetic forces of such moving parts as are needed. 

68. Cylinder Walls. — A cylinder resisting an internal pressure is 
subject to simple tension if not too thick. The maximum gas 
pressure that may ever be met is the pressure that the metal must 
be able to resist. In gas-engines of whatever compression or fuel 
this probable maximum pressure may be calculated by the pressure 
ratios applied to the pressures of compression as explained. The \ 
highest possible, though normal, pressure may be taken as 450 lbs. ' 
per sq. in. for engines with high compression and rich fuel. 

Occasionally an explosive wave may develop, especially when 
the space containing the charge is very irregular and consists of 
isolated pockets. This wave may generate momentary pressures 
at the crest as high as 600 lbs. per sq. in., but if the maximum of 
45c lbs. per sq. in. be taken with a sufficiently high factor of safety 
or sufficiently low initial material stress the results will be perfectly 
satisfactory. The probable maximimi is to be calculated as explained 
in Part I under pressure ratios. 

147 
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Consider a cylinder of unit length i in. 

There will act to disrupt along an element parallel to the axis 
a force -F pounds. 

Let P^ = maximum pressure pounds per square inch; 
d= diameter of cylinder in inches; 
/= thickness of cylinder wall in inches; 
S = resisting stress in pounds square inch of metal in tension ; 

then 

F-P^Xd pounds. 

This is resisted by two thicknesses of metal, one at each end of a 
diameter; hence the resisting force is 

If these are to be equal, 

P^Xd=2/x5, 
or 

This form of the expression, then, for cylinder thickness and its 
value depends on the selection of S, 

Cylinders after use require reboring, and a certain amount is 
allowed for this; hence to the above should be added a constant c 
(sometimes a function of d), giving 

/ — ^5~+^» (76) 

to resist the bursting along a longitudinal element. 

The gas pressure acts on the head and frame, also tending to 
part the cylinder along a circle. For this case 

" 4 
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The total metal resisting is a ring of internal diameter d and 
external diameter d+2t\ hence the area of the ring is 

4 
4 

Hence the resistance by the metal to this stress will be 

R -w/[i+<JS. 
Equating this to the force acting, 



nid+tyS"- 



4 ' 






AS' 



-fUT"-0 C^7) 



The thickness must be great enough to resist both these stresses 
and if one be greater than the other the greater will include the 
less. To find which is greater assume 



then 



or 






<-rXi9-9-5^, 



«-— H-c-i99.si+c, 
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Hence t by formula (76) will be larger, as c is always small compared 
with d. 

If therefore the thickness of cylinder be taken as 

P^d d 



or 






-<f-4 



and S properly selected, the result will be satisfactory for strength^ 
but may be too heavy, for here P^=45o lbs. per sq. in. 

69. Empirical Formulas for Cylinder Thickness. — For particu- 
larly sound castings high values of S may be used. This is other- 
wise expressed by making / increase not as the diameter directly but 
as some fractional power of d with a constant S. The problem is 
very similar to that for steam-cylinders, but the many formulas for 
steam-cylinders give thicknesses that are different. 

Thurston gives t' ^aP^d-hb (78) 

a«.ooo4 for short strokes or vertical cylinders 
to a«.ooo5 for long strokes or horizontal cylinders; 

6 =.5 for horizontal cylinders 
to 6 « .2 for vertical cylinders. 

Hence in this case 

5 — 1250 lbs. per sq. in. 
to 5-1000 '* 



(< ( ( (C 



while the reboring constant varies with the tendency to wear. 
Seaton gives 5 - 1250 for cast iron 

to 5-2500 '' " '' 
and for large marine engines the reboring constant 

c«o.6". 
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For laige cylinders with low pressures Weisbach gives 

t-.ooossP^d+o.S] (79) 

in which 5 — iscx>, 

c-a8. 

Van Buren gives 

t'-.oooiP^d+.is\/d, (80) 

in which 

5-5000, 

c-.iSVd, 

the reboring thickness proportional to the square root of the diam- 
eter. He also gives 

P d 

in which the reboring term is omitted, or, rather, included. 

Here S - i6.5\/P^(i, making the stress allowable proportional 
to the i power of both maximum pressure and cylinder diameter. 
This covers rigidity and gives usually large thicknesses. 

Haswell's formula is the same in form as Weisbach's, but he uses 

^-.125", 
5-1250. 

For small cylinders Whitham makes c-o and 5-»i6sVP^, 
which is similar to Marks's form, where 



c«o, 



5-1800. 

Using many formulae, Kent calculates the diameter of cylinders 
of different sizes and finds a formula representing a mean of the 
results He gives 

/-.ooo4P,„<i+o.3", 
in which c —0.3, 

5 - 1250 lbs. per sq. in. 
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70. Empirical Formulas for Gas-engine Cylinder Walls. — For 
gas-engine cylinders H. H. Kelly gives l-.ogsd for cylinders 7" to 
15" in diameter. Taking 450 lbs. as P^ this involves 

5«— ~ — : =2367 lbs. per sq. m. 
2X.09S ^ ' r -^ 

For small gas-engine cylinders d « 5" to 8", Guldner gives, when 
cast with the frame, 

5 = 1500 lbs. per sq. in., 
C-.13" 

to C«.20. 

When larger and separate, higher values may be taken for S 
and larger allowance for reboring. 

Mr. S. A. Moss gives, on comparing reports of dimensions used 
in American practice, 

5-1625 
to 5 « 3750 for P^ - 300 lbs. 

This is too low a value for P^, for^ except in a continually throttled 
engine, the maximum possible pressure will exceed this. Taking a 
maximum of 450 lbs. the metal stress for the above case is 

5-2437 
to 5=* 5625. 

While some engines are running satisfactorily with this high 
stress, it is somewhat too high for good practice. Strange to say, 
too, the higher stress is not always confined to large engines, as it 
should be. 

For small automobile engines where lightness is a considera- 
tion reboring provisions may be omitted, and 

i -i" for cylinders ij" up to 2J'^ 
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For cylinders aboiit-s" the formula should be used. No cylinder 
should be less than J" thick. In these cylinders a maximum of 
300 Ib^. is rarely exceeded, as they all use vacuum carburetors. This 
corresponds to a stress for the four limiting cases 

5= 900 to 1500 
and 

S =» 1000 to 2000. 

A formula allowing 3000 lbs. stress is / «.o7sd, and many engines 
are built according to this. 

For medium-sized engines of diameters 6 to 15 ins. reboring must 
be allowed for and the following may be used: 

/-.o6od + .2, (82) 

for ordinary work; 

/-.o7Srf+.3, (83) 

for heavy work and stiff cylinders. 

This corresponds, on a basis of 450 lbs. maximum, to stresses 

5-3750 lbs. per sq. in., 
5-3000 '' '' ** ** 

For large cylinders, if needed very stiff to reduce vibration period 
of frame, 

/-.o8s(f+.3, (84) 

on a stress of 2648 with 450 lbs. maximum. This is greater than 
needed for strength. 

Large two-cycle cylinders must be built heavier than four-cycle 
to resist the weakening in strength and stiffness due to the exhaust 
ports. For this 

/-.i2J-f.3, (85) 

involving 1870 lbs. stress on 450 lbs. maximum gas pressure. There 
is always danger of overheating these thick cyhnders, so that the 
greatest caution should be observed in applying excess metal. 
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For regular work where no unusual stiffness is required 

/-.oS2d+.3 (86) 

will serve. 

This involves a stress of 5 -4327 on a basis of 450 maximum gas 
pressure. 

The entire cylinder length need not be equally heavy, as pressures 
fall rapidly with the piston motion; hence, in large cylinders espe- 
cially, the walls may taper somewhat. 
Giildner gives 

5 « 4300 lbs. per sq. in. allowable, 
^-.25". 

He says *' excessive thickness of walls is objectionable on account 
of difficulty in getting dense castings and difficulty of cooling. When 
cylinder diameter exceeds 2 ft. the thickness may decrease till the 
factor of diameter is only two-thirds that for part receiving maximum 
pressure.** 

71. Cylinders too Thick for Simple Tension in Walls. — ^The 
preceding work supposes the thickness of the cylinder so small in 
comparison with the radius that the whole cross-section is equally in 
tension. Very high pressures, with the necessarily very thick walls^ 
involve consideration of three facts: 

(a) A difference in stress in inner and outer cylindrical layers^ 
it being greatest on interior layers. 

(b) The elongation of interior layers to permit outer layers ta 
receive tension results in decreased area. 

(c) This decreased area of cross-section from inside stretch 
increases the bore. 

More exact formulas take into account one or more of these 
actions. 

The simple formula for a thin shell is 

L Im 

Brixes' formula neglects (c) and is given by 

p-(/)"f-i=(2.7i8)"^-i, (87) 

where e i&the logarithmic base 2.718. 
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Barlow's form is exact and covers (a), (6), and (c) by 






s-P^ 



^55 



(88) 



The effect of making the internal pressure approach the tensile 
resisting stress in the metal is pointed out by Mr. Alfred Petterson 
in the "American Machinist." These results are given in the 
table. He takes allowable tensile strength of i8oo lbs. per sq. in* 
for cast iron. 

VALUES OP 4j' 





Simple Thin Sheet, 

t ^m 


Brixes, 


Barlow, 
t Pfn 


Lam^. 


s 




1.667 

2.000 










•500 


.6487 


I. 0000 


.7320 


3.000 


•333 


.3956 


.5000 


.4142 


4.000 


.250 


.2840 


•3333 


.2910 


5.000 


.200 


.2214 


.2500 


.2247 


6.000 


.167 


.1813 


.2000 


.1832 


8.000 


•125 


.1331 


.1428 


•1339 


10.000 


.100 


.1051 


.iiii 


•1055 


12.000 


.083 


.0869 


.0909 


.0871 


15.000 


.067 


.0689 


.0714 


.0690 


20.000 


.050 


.0512 


.0526 


•0513 



As the highest pressure ever reported in gas-engine cylinders, 
even for the explosive waves, is 600 lbs. per sq. in., with an allowable 

tension of 6000 lbs. per sq. in. the ratio is p- = lo- For this value 

S t 

of the ratio -5- the table shows the ratio -; will not differ from the 

value for simple tension more than .011 by Barlow's or .0055 by the 
exact Lam6 formula. It will appear from this that the form of for- 
mula used is justifiable. 

73. Cylinder-heads and Breech Ends. — Small cylinders are cast 
with the head in one piece with the walls and jackets. Openings 
are left for valve insertion, and usually also in the jacket-head to 
facilitate coring. Such openings are closed by ground-joint flat 
plates held by a single bolt at the center or by yokes of cast iron. 
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one yoke and one bolt holding two covers. These small cylinder- 
heads are usually hemispherical, in which case 

Head thickness /' «i/ for strength; 

but as these walls are seldom designed for strength, but rather for 
soundness of casting, such heads are to be made of the same thick- 
ness as walls. Even when hemispherical or approximately so the 
valve-chamber forming extensions of the clearance space will have 
flat sides and all openings for valve removal will be covered by flat 
circular plates. All such flat sides and plates are subject to the 
uniformly distributed internal pressure, which may be calculated by 
compression-pressure ratios for these engines or assumed to be 
300 to 450 lbs. per sq. in. for the highest possible. These plates 
when forming part of the casting are flat plates secured along the 
edges. 

When held by a bolt through the center, or by a yoke and bolt 
pressing on the center, they are supported in the middle apparently, 
tut since the ground joint to be tight must be under compression 
greater than the internal gas pressure initially the)f must rather be 
considered as flat circular plates supported at the edges and loaded 
in the middle. The load is, moreover, uncertain and depends on the 
tension of a long bolt passing through the yoke and secured to the 
cylinder-head. Under these circumstances it is clear that the actual 
load these flat plates will be caused to support, and the stress in the 
metal, cannot be computed. A more empirical rule, then, will be 
given for these Dlates, covering a hole whose diameter is 

Cover-plate hole diameter =« outside valve diameter -f-JiJ inch. 

The other dimensions of the plate are usually a little heavier than 
the valve, which is designed as an edge-supported plate with extra 
metal for stiffness. 

Cover-plate yokes arc beams loaded in the middle and supported 
at both ends, and their strength will depend on cross-section, dis- 
tribution of metal, and the conditions of application, and their form 
will vary so much that no general formula can be given for them. 
They must carry the maximum gas pressure on one or two cover- 
plates in addition to whatever stress is necessary for tightness, and 
the whole is to be resisted by a single bolt. 
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No yoke-bolt should be less than i" diameter or it may be too 
easily stripped; f" would be better. Too large a bolt or too short 
a one would not give the necessary elongation to put proper stress 
on the cover-plates without breaking. In short, such bolts on screw- 
ing up nut will increase load to breaking strength of bolts too quickly. 
Too 16ng a bolt makes shearing easy. Practically such bolts are to 
be f " or i" diameter, sometimes J" on small engines, and never 
used on engines of greater cylinder diameter than 6", nor should 
they have less than lY' of clear bolt in the yoke. 

The cylinder casting should be so thickened where the yoke stud 
enters as to give a thread support at least equal to that oflfered by 
the nut, and the surrounding walls should be stiffened to resist the 
load resulting from the pull on the casting. 

74. Volume of Clearance in Breech End. — The clearance space 
/ is usually so irregular in form in small engines as to be difficult to 

evaluate volumetrically. If, therefore, the volume be calculated as 
correctly as possible, and the dimensions so selected as to give the 
ratio by the formula below, the compression pressure desired can 
be obtained by adjustment after the first engine is built. 

Let clearance volume =«Vj= volume of gases at end of compres- 
sion in cubic inches; 
" compression pressure in atmospheres =«/>/; 
'* compression pressure in pounds per square inch absolute «/>jj 
" atmospheric pressure in pounds per square inch absolute 

= 14.7; 

" displacement in cubic inches ==^; 

" total volume before compression «t;^+ 5 cubic inches; 

" cylinder diameter =(i inches; 

/ 
" crank radius =— inches; 
2 

then, very nearly, 

v,-iv,+d){^y -(v,+9)(^)\ ... (89) 



Hence 



^•[^-(^)*]-o^ 
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and 

''^"(AO*-!^ 4 ^(^,o*-i^(AO*-i- • • ^90) 

This is the clearance volume in cubic inches to give th^ com- 
pression of pl atmospheres, very nearly. 

75. Adjustment of Clearance. — This quantity v^ can be computed 
easily from the tables of cubes and fourth roots. Adjustment of 
clearance volume or compression pressure after contraction can be 
made by 

(a) Changing the connecting-rod length. 

(&) Arching or depressing cylinder-head or clearance walls. 

(c) Arching or depressing piston-head. 

(rf) Attaching plates or other masses to the interior walls of 
cylinder or piston-head. 

(e) Cutting of metal from interior parts originally left a little 
thick for this purpose. 

The attachment of any mass to the interior of the clearance 
to increase compression will undoubtedly result in preignitions 
from overheating unless it is possible to get such thermal contact 
as to carry off heat as fast as absorbed. This is impossible with 
very thick metal. 

The best method is either that of arching or cutting. To do 
the latter, the piston-head can be made quite thick and clearance 
calculated smaller than desired. This may leave the piston heavier 
than is desired, but this is not necessarily bad, as reference to crank 
efforts will show. Arching or depression of walls requires slight 
alteration of pattern and certainly new castings. Connecting-rod 
adjustment requires first a true cylinder bore beyond where the 
piston is intended to stop and in some connecting-rods can be secured 
by simply usmg liners or shims behind the brasses. 

(/; Another adjustment not as simple to practice but very effective 
consists in lengthening or shortening the frame between main bear- 
ings and cylinder. If the frame and gear permit, this is a good 
method, but very few valve-gears are so constructed as to make 
this possible. A two-part piston would make adjustment easy by 
a very effective method. 

In some engines even of considerable size the valves are located 
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directly in the middle of a flat head; when this is the case, the clear- 
ance is simply a cylindrical extension of the cylinder of the same 
bore. Its cross-section is the same as the cylinder and its length X 
is given by 

/ 

(91) 



(,7)*- 



76. Flat Heads. — ^In cases like this the flat head with the valves 
constitutes a circular plate uniformly loaded, except where the valves 
enter, and loaded around circular Unes where valves pass through. 
The head is jacketed and the various webs connecting jacket and 
head proper that make up the valve ports and supports make of 
this double- walled head a circular girder in effect. While, therefore, 
the formula for a circular plate imiformly loaded may be applied it 
is useful as a guide only, since 

I®. There is not a single plate, but two plates connected by webs. 

2®. The bottom plate is not uniformly loaded. 

3®. It is not uniformly supported at the edges, as it is held by bolts. 

4®. It is not merely supported, but partly supported and partly 
fixed by the compressive effect of the bolts and broad face of con- 
tact which extends across cylinder walls, jacket space, and jacket 
walls, the bolts usually entering lugs in the jacket space. 

The formula of Grashof for uniformly loaded plates is 



when fixed at edge; 



r-^slj J (92) 



T'r'^j^^ (9.,) 



when supported at edge, 
where r'- active radius in inches; 
T - thickness in inches ; 
P^ -maximum pressure pounds per square inch; 
/ -working stress in the metal. 
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Comparing this with formula for cylinder thickness and putting 
f^S and P^ the same, 

/-^ or P^^j; 
substituting and making r' ^r, 

r=''>lff=Nl|'-' ........ (94) 



for fixed edge; plate thickness relative to cylinder thickness with 
equal working stresses. Thickness of heads proper, when web- 
attached to jackets, is never calculated from the plate formulas 
for reasons given, but is given as a function of the first powers of /. 
This is also done in steam work. 

Flat part of heads will then have thickness : 

r-cjt (95) 

to r'-i.4/, (96) 

depending on how much flat surface is exposed and how much 
truss effect is secured by jacket-webs. For small surfaces and good 
connection use the lower figure, for large flat surfaces use the larger. 
For steam-engine flat heads Kent gives as the average of many 
formulas 

r'=. 00036^^^4-. 33 (97) 

77. Valve Location m Heads. — Placing valves in the head to get 
simple clearances involves the use of valve-gear on the head itself, 
and though by removing the head all valves are exposed, this advan- 
tage is nil in large engines when the part is heavy and work diffi- 
cult. For this reason the majority of gas-engines distribute the 
valves differently. Valve-stems should be vertical, else the seating 
will be eccentric. The location of valves with vertical stems in 
positions that will make them easily removable and yet not strike 
the piston makes it necessary to introduce them through offset spaces 
in the clearance. These valve-pockets and the passages connecting 
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them to the cylinder proper will constitute an irregular casting called 
the breech end. 

Valve-pockets may be offset from the cylinder itself wholly; 
from the head or breech end proper wholly or partly from both; 
the dividing Une between breech end and cylinder is the joint. 

In small vertical cylinders the inlet will usually be carried in the 
head with its stem projecting upward and inmiediately below it the 
exhaust-valve will seat on the cylinder casting, the stem projecting 
downward. 

In this case there will be two offsets, the one in the head match- 
ing the one in the cylinder. When this is done the inlet-valve is 
usually housed in a cage, removal of which permits removal of 
exhaust-valve upward from its seat in the main casting. Both 
stems vertical and both projecting downward, in vertical engines 
is secured by putting both on same side with one wide offset to 
carry them or one each on opposite sides of the cylinder with two 
opposing offset pockets. When horizontal cylinders are used a 
single offset on the end may carry both valves either one above the 
other and stems one up and one down, or both pointing the same 
way. The former requires a narrow offset and the latter a wide 
valve-pocket offset. The same result can be secured by putting 
both on one side or one on each side or one on the end and one on 
the side. No matter what arrangement is used to make both valves 
easily removable and work on vertical stems irregular breech ends 
are necessary, and the cylinders may be irregular to match or, as in 
case of both valves in the end, the cylinder may be perfectly plain. 

78. Breech-end Walls. — The thickness of the walls of those 
irregular passages can always be more or less correctly judged from 
the knowledge of the necessary thickness of the true cylindrical sur- 
face and the thickness of a flat plate. This, however, is based on 
the assumption that the resistance of the metal is known or know- 
able. With the irregular castings resulting from involved breech 
ends with their jackets connecting webs, gas, air, and exhaust 
ports, bolt-holes for connection to cyh'nder, lugs, etc., for connecting 
valve-gear, there are many unknown and perhaps serious cooling 
strains in the metal. The best result^ will be secured by as great 
simplicity as possible and by dividing into parts to be bolted up. 
Wherever possible these breech ends, irregular at best, should be 
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cast separate from the cylinder, which so far as possible should be a 
plain shell to insure truth for var3dng temperatures. 

79. Head and Breech-end Fastening. — Breech ends when sep- 
arately cast are secured to the cylinder by bolts. Some builders 
have used long bolts extending the length of the cylinder, securing 
breech to cylinder and cylinder to frame with one fastening. This 
is not good for two reasons: first, there is a different coefficient of 
expansion for wrought-iron bolts and cast-iron cylinder; secondly, 
to secure the compression at the joint necessary for tightness some 
elongation must be put on the bolts, and after setting up for 
tightness when a little warm, cooling may result in permanent set 
and cause, first, leakage and later failure. Long bolts also are sub- 
ject to excessive shear in setting up more than is desirable. Cylin- 
der-heads and breech-end bolts are not as a rule secured through 
flanges as on steam-engines, but through solid metal in the jacket 
space. Stud-bolts are most common, and the cross-section necessary 
for strength is easily calculated: 

Let i4^« cross-section of clearance space along the joint line, 
the maximum load is 

^'=^«^c pounds (98) 

The cross-section of all bolts combined must be such as will not 
call for more than 4500 lbs. per sq. in. fiber stress for bolts less than 
I" and upward for large bolts to 7000 lbs. Reference in this con- 
nection should be made to Cathcart^s "Machine Design,'' Vol. I. 
The number of bolts and their size will be dependent not on 
strength but on the conditions for securing a good joint. To make 
a joint between breech end and cylinder, either a thin asbestos 
gasket is used or a finely machined scraped or ground joint is made. 
A\Tien water-jacket circulation is made through the joint the gasket 
is used, but with the fine joint an outside connection either by bolted- 
up castings or by piping must be made between breech and cylinder- 
jacket or a separate circulation system used; this last is best for 
large engines. 

With an asbestos gasket joint considerable compression must 
be put on the gasket to prevent leaks, especially between bolts. 
Hence the bolts should be as close together as possible, allowing 
only proper freedom fpr the wrench. They should not be too large 
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in diameter or a man must apply a hammer to the wrench in setting 
up, which resuhs, perhaps, in too much stress. If too small, they 
are subject to twisting ofiF, and so must be large enough to prevent 
an ordinary man from applying stress enough on the wrench to 
break. The proper location of bolts will depend on the form of 
the joint, which is seldom circular, special care being exercised at 
comers. 

Professor Cathcart, quoting Professor Barr, says that the initial 
load Pi, due to the mechanic's handling of the wrench, may be esti- 
mated at about 16,000 lbs. per in. of bolt diameter. The intensity 
of the initial tensile stress in bolt varies inversely as the diameter 
and will be about 



/»-boltSeter^''^-ir''^-^ ^^9) 



In addition to this tensile stress there is considerable twisting 
of the boh. 

The following data on wrenches represent approximately the 
practice of J. H. WiUiams & Co. in making wrenches by drop- 
forging. 

Let (/^—diameter of bolt in inches; 
then 

Opening between jaws =• i . 5 ^^^ + F' ; . . . . (loo) 

Width of metal beyond '* -=(/^4-^V^or small sizes; . (loi) 

'' - '< '* *' -rf,+r '' large " . . (102) 

Hence for small wrenches the spacing of bolts should be: 

Opening between jaws«i.5(i^+J" 

-f width of metal around jaw-d^+rf", 

where d'' ^^'' to i" 
+a distance from wrench to next unit-rf'; 

giving 

Distance between bolt centers « 2(/^ + J" +df +rf". . . (103) 

The clearance i" may be made as small as in the designer's 
judgment seems desirable. 
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The center line of the stud-bolts should be such that the bolt 
comes tangent to the cylinder walls on the outer side. Usually there 
will be sufficient metal outside the bolt for threading the casting to 
receive the bolt thread; if not, the jacket must be thickened to give 
at least a bolt diameter of metal outside and all around. 

What fastenings or connections will be needed on the cylinder 
and breech cannot be determined until the valve, governor, and 
igniting gear have been laid down, and then the stresses may be ana- 
lyzed and strength checked, but rigidity is most important. 

80. Cylinder Length. — The length of the cylinder will depend 
on the length of the piston, the stroke, and the form of the breech 
end in connection with the compression pressure. After laying down 
the breech end the inner point of the piston travel is determined; 
from this the length of piston can be laid down and the length of 
cylinder to always cover the piston will be beyond this one stroke 
length. Pistons generally project beyond their cylinders when single- 
acting, especially when short frames are desired. 

81. Water-jackets. — Every part in contact with the hot gases 
should be water-cooled except in very small engines. As the piston- 
head never reaches the crank end of the. cylinder the jacket seldom ex- 
tends the length of the cylinder; the usual practice is to extend the 
jacket a short distance beyond the point where the piston-head stops 
on the outstroke. All the breech-end parts must have water contact^ 
and when large, the piston- and exhaust-valves must also be jacketed 
or their centers will overheat. Igniters are sufficiently cooled by 
making a good, machined contact between the supporting barrel 
and some water-cooled part. 

The amount of water that is necessary should be such as will carry 
off 50% of the heat generated by the combustion. Frequently as 
low as 30% will be thus carried off with early ignition and long 
expansion, but 50% should be the amount of heat to be counted on. 
Another way of computing is to provide for the carrying off of twice 
as much heat by the jacket as is converted into the work. Thus a 
50-I.H.P. engine should be provided with water enough to carry off 

50X2X3 3000 ^^TT 

^ ~ B.T.U. per mmute. 

778 ^ 

This is only approximately true, but errs on the right side. 
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Let w- pounds water per hour required; 
M' = temperature rise allowed, degrees F.; 
£3 « thermal efficiency based on B.T.U. in fuel (high) and 

I.H.P.; 
Q' -B.T.U. per hour set free by combustion; 
Q"^ '' '' ' ' to be carried off by jacket ; 

then heat per hour set free in engine is 

^, I.H.P. 33000 , ^ ^ ^^ , ^ , 

Q'«— g — X^^^-g-X6o B.T.U. per hour. . . (104) 

Heat to be carried off is 

Q"=-3o<2' (los) 

to Q" = .5o<3' (106) 

Heat absorbed per pound water is 

/-/' B.T.U. ; 

hence the pounds water per hour required is 

.30 I.H.P. "xxooo 
from ww^_^x^-^X6o . . . (107) 

.50 I.H.P. 33000 , 

The maximum temperature / may be about i8o®F.; it may be 
higher if care has been exercised in preventing the formation of 
steam pockets in which the generation of steam may prevent water 
entering. 

Should the water be allowed to boil and the jacket be constructed 
for this a much smaller amount of water will be needed. Taking 
960 B.T.U. as the latent heat of steam at the pressure in the jacket 
slightly above atmosphere the water necessary will be 

, .^o I.H.P. 3^000 
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, '.36LH.P. 33000 , , . 

Small stationary engines sometimes use convection circulation 
between the cylinder and an elevated tank. In such cases the rate 
of cooling must equal that of reception of heat or loss of weight will 
occur by boiling. In fact boiling does generally occur in such 
installations if the load be heavy and run long. 

Automobiles use pumps for circulation and the capacity of the 
pump is given above by w. The water is then cooled by a radiator 
which must be able to extract w B.T.U. per hour; if not the water 
will boil here also. If the radiation were sufficiently eflfective heat 
might be taken from the cylinder walls directly, and in some auto- 
mobile engines by inserting threaded rods like quills the proper 
heat absorption is secured if a strong air-blast is available. 

The water-cooled automobile engine simply uses water to increase 
the eflfective air-cooling or radiating surface, in which case a circu- 
lating pump is necessary. 

The centrifugal circulating pump of properly small size when 
tested by M. Butin gave efficiencies from 18 to 35% on pressures 
ranging from 8 to 15 ft. of water. The rate at which the water is 
air-cooled depends on the difference in temperature of air and water, 
the air velocity, the water velocity, and the nature and extent of the 
surface. Fans are generally used to increase air velocity; increase 
of surface is secured by many small tubes, metal discs on pipes, etc. 
MM. Grouville and Arquembourg report the surface per horse-power 
for the disc and pipe radiator, the section normal to the draught, as 

34 square inches when one tube deep, 
18 '' .'' '' two tubes '' 

13 '' '' '' three '' '' 

So that for the best case there is abstracted per square inch of 
projected surface per hour about 

3J|gx2Jfx6oB.T.a, 

or taking E3-.12S, the radiation rate is ^bout 300 B.T.U. per hour 
per square inch of air-cooled surface. 
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82. Water Space. — The water space must be so formed as ta 
permit true circulation without eddy currents and without steam- or 
air-pockets. 

Water heats in the jacket and convection currents are set up 
which are greater the slower the flow through the jacket and the 
larger the space. No possibility of mud setthng in places without 
means for removal should be permitted. The jacket may be cast 
in one piece with the cylinder, but better castings will result, espe- 
cially in large work, if it be separately cast and fitted. This, how- 
ever, is more expensive. 

When separate jackets are used the water space is generally 
larger than when cast; to the thin shell there are added internal rib 
webs for stiffness. 

Let Wi = width of water space; 
then, for usual practice in horizontal cylinders, 

wi=.o6d (hi) 

For vertical cylinders with good circulation the space is less 
than this, especially when several separate feeds enter jacket divided 
longitudinally, making several individual jackets. More heat will 
be carried away in a given time by a swift thin stream than by a slow 
thick one and the surfaces kept cleaner. For this make 

W2^.04Sd (II2> 

When large cylinders have separate jackets w may be quite large, 

W3-^.i$d (113) 

If for any structural reason it is desired to alter the water space^ 
it may be done without harm provided in so doing no dead ends or 
pockets or misdirected circulations result. 

83. Jacket Walls. — ^A jacket wall must resist internal water pres- 
sure if there be any, and then it seldom exceeds the 50 lbs. per sq. in. 
in the city main. The jacket wall must also, which is more important, 
carry parts of the mechanism and often the whole weight of the 
cylinder when horizontal. In cases where it has extra service ta 
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perform, especially where stiffness is required, it must be considered 
a part of the frame and be properly webbed. 

Small automobile engines have jacket-wall thickness, 

7-.o6d (114) 

Slow-speed stationary engines, where stiffness is more important 
than lightness, 

7i-.iod (115) 

With proper reinforcements at the necessary places 

72 = .05^ (116) 

This latter is most conunon. 

Where the separately webbed jacket is used 

;3 = .o25rf. ....... (117) 

Breech ends, when irregular, usually have water space irregular 
in thickness to give the outside a uniform appearance. Wherever 
by reason of the layout the jacket must support or transmit stress, 
* the thickness must be made great enough to resist this stress, and 
anal)rsis of such maximum stresses is therefore necessary for each 
specific case. 

To permit of a cold-water-pressure test of 400 lbs. per sq. in. for 
leakage Giildner reconunends a thickness about 

y4-.o22rf, . ." (118) 

provided the stress of about 8500 lbs. per sq. in. is not often repeated. 
83. Cylinder Charges and Valves. — Entrance and exit of gases 
through the valves should be accomplished with as little expenditure 
of energy as possible, so that during entrance a full charge shall be 
secured and during exhaust expulsion be complete and uniform. 
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To minimize the energy necessary for the motion of gases, suction 
should take place at pressures as little below atmosphere as possible 
and exhaust as little above atmosphere as possible. These pressure 
differences through the valves will depend on the velocity of the 
gases, which in turn depends on the piston speed and valve opening. 
Valve openings, then, should depend on the piston speed, and as 
this is variable during the stroke, while the valve diameter is con- 
stant, it is evident that the lift of the valve should vary with piston 
speed to keep gas velocity uniform. 

Vacuum on the suction stroke may be caused by the demands of 
a carburetor in gasolene-engines; hence in these cases the vacuum in 
the cylinder is doubly low, one part being due to the carburetor and 
the other to the valve opening, with possibly some due to passages 
that are too small or crooked. 

With high piston speeds and short strokes — that is, a high 
R.P.M. — the mass of mixture must be started in motion toward the 
cylinder at a velocity of several thousand feet per minute. This 
motion must be arrested and the valve closed in a very short space 
of time. 

At i8co R.P.M. a stroke is completed in 1/3600 minute, or 
60/3600 -.0166 second. 

This will bring into play inertia of the gases; hence loss on charg- 
ing may be due to this in cases of high alterations per minute, and 
to reduce the loss the valve should be held open longer than the 
end of stroke. 

Back pressure may result from too small an opening in mufflers 
or improper setting. This is more serious the higher the terminal 
pressure, and hence worse with low compressions, rich fuels, late 
ignition, and high exhaust velocity, especially when speeds are high 
at the same time because of inertia eflFects in the gases. 

84. Gas Velocity through Valves and Piston Speed. — Gas 
velocities have been usually computed on the basis of full valve 
lift for the stroke in a somewhat similar way as piston speeds are 
computed on an assumed constant velocity for the stroke. There 
are no serious consequences arising from the latter, but with the 
former, unless the cam is so formed that the lift is at all times pro- 
portional to actual piston speed, there may be a serious loss at cer- 
tain parts of stroke. 
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The real piston velocity is given approximately by the following 
formula, which neglects terms higher than 2 0. 

y-vCsin ff+^ai sin 2 tf), (119) 

where «i«t; 

&= crank-angle; 

v= linear velocity of crank-pin, feet per second; 
5'— velocity of piston, feet per second. 

The following table gives the values of the parenthesis for crank- 
angles during the outstroke. 







(Sin O + ia 


, sin 2 6). 




e. 












«,-i. 


^.-J. 


«. = i. 


".-i. 

















¥" 


0.644 


0.609 


0.587 


0.572 


60 


1. 010 


0.977 


0.9S4 


0.939 


90 


1. 000 


1. 000 


1. 000 


1. 000 


120 


0.722 


0.7S5 


0.778 


0.793 


150 


0.356 


0.39X 


0.413 


0.428 


180 















To get from this a curve of piston speeds lay off ab, be, cd, etc. 
(Fig. 130), on AB, each representing 30°. Erect ordinates from 
the table for the appropriate rod to crank ratio. From a lay off aX 
to represent the velocity of the crank-pin in feet per minute. Pro- 
ject the ordinate for 90^ dd' across to the left, getting point d'\ Join 
d" and X. Then from any other point V project across and draw 
parallel to Xd'' the line i/'ft'". The distance aft'" will be the piston 
velocity at crank-angle b to the same scale that ax represents linear 
velocity of crank-pin. 

85. Flat Valves. — Let J = diameter of the opening of the valve- 
seat, called valve diameter, in inches 
(neglecting the stem) ; 
A = valve-lift, inches; 
Vg -= velocity of gases through the valve; 
7rJ2 
The area of the valve opening is — . When partially open the 
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effective area is that of a cylindrical surface nJh 
square inches if the seat be flat, but less if the 
seat be conical. 

Putting these equal and solving for h, 



-f 



(120) 



that is, the valve is full oj)en at a lift equal to one- 
fourth its diameter. 

If the pressure and temperature be kept 
constant, the velocity of the gases through the 
valve to the velocity of the gases entering the 
cylinder would be inversely as the effective 
areas. With flat-seated valve full open 



4 



With flat-seated valve partly open 
4 



(121) 



(122) 



Hence 



V,' 



IPS' 



4Jh' ' 
the maximum value of which is 



(max.) Fg--j2-. 



(123) 



J2 



(124) 




86. Cone-seat Valves. — The above applies 
to flat-faced valves. When, however, the valve 
is conical the gases will be discharged 
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through a s^ace between two cones and the width of opening h' will 
be to the lift as —7= , the side to the hy- 

V2 

pothenuse of a right-angled triangle, Fig. 
131. Hence 




A'- 



\/2 .' 



(125) 



Fig. 181. 



for a 45° angle and small lift. 

Gases passing this opening will have a 
maximum velocity at the inner edge. This 
area is the surface of a truncated cone whose 
element has a length A' and whose small diameter is J and large diam- 



eter J+2{ 



and therefore whose mean diameter is 



J+J+h ^ h 
2 2 



The area of opening is then 






y/~2 2\/2 



This is true until the lift is such that U is equal to the width of 
the seat, after which the opening approaches that of the flat-faced 
valve. 

The ratio of velocities will then become 






I Ah ftg \ 

\\/2 2\/2/ 



d2 



4 Ah \/2h^ . 



hence 



^-2.84^+1.4^. 



(127) 
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In an engine the only quantities that vary throughout the stroke 
are 5' and h; hence to keep Vg constant h 'should be proportional 
to 5' /or flat-seated valves and is given by 






(128) 



and the maximum useful h is given by equation (120) and 5' is 
given by the curve of Fig. 128. From this curve the contour of 
the cam to keep the gas velocity constant for all points of the stroke 
can be obtained if used with the known area for each valve-lift. 

87. Cam-curve for Constant Gas Velocity. — Cam-shafts rotate 
at half the speed of the crank-shaft; therefore a valve that is to be 
open for one stroke should have a contour changing from zero to zero 




Fig. 182. 

in 90® of rotation of the cam-shaft. To draw the cam contour for a 
constant gas velocity, lay off a circle of any radius with center 'O, 
Fig. 132. Between two diameters at right angles, OA and OB, lay 
off the arcs 06, ic, etc., by dividing 90° into any number of equal 
parts, say every 15°. Lay out bV, cd each equal to an ordinate of 
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the piston-speed curve for twice the angle. This curve is calculated 
just as was the piston-speed curv-e by the use of similar triangles, 
making ax^ Fig. 130, equal to the maximum lift. It will appear 
that cams working on an outstroke (suction) should have a difiFerent 
contour, or rather the same with ordinates or radii reversed, than 
should a cam working on a return stroke (exhaust). Cams should 
be designed on this theoretic curve as a basis, but there may be 
certain variations desirable from considerations of practice. How- 
ever, any change of contour from this means a variable gas velocity 
with stroke, except for the beginning of exhaust, when the terminal 
. pressure must first fall to atmosphere. 

88. Valve-lifts. — Valve-lifts are never given the full height of 
\ diameter for several reasons: pound on cam if the lift is high and 
quick, pound on the valve-seat and difficulty of closure by springs 
at high speeds against the inertia of the valve, coupled with the 
possibility of securing low velocities by larger <liameter and small 
lifts. High-speed automobile engines use valve-lifts. 

/ti«o.o5J (129) 

to A2 =0.10 J for flat valves, • • . . (130) 

and hs^o.oyJ (131) 

to &4 '"0. 1 6i for conical seats (132) 

89. Valve Diameters and Velocity Ratios. — Their diameters 
vary also considerably, running from 

J1-0.30J (133) 

to ^2=0.45^ indiscriminately (134) 

Using these values in the formula the ratio of velocities for point 
of maximum opening can be obtained. 
For flat valves: 

1. A = 0.05 J =0.01 5d when ^=0.30^. 

2. A^o.ioJ =0.030^ ** J ^o,^od. 

3. /t=o.osJ =0.0225^ '* J=Q.45d. 

4. fe=«o.ioJ =0.045^ " J=o.45(/. 
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This gives for the four limits 

J, Max. 1-=^] —ratio of .- -, — r— at marimum 

ah. \«J / piston velocity 

opening and maximum piston speed. 

1. 0.0045^2 55.55 

2. 0.0090^2 27.77 

3. O.OIOI25 24.69 

4. 0.02025^2 12.345 

Applying the same treatment for comparison to conical-valve 
limits, for conical 45° valves 

1. A = o.o7J = o.o2id when J==o.3od. 

2. A = o.i6J = o.048d ** J=o.^od, 

3. ^=0.07^ = 0.032^ ** J=o,4$d, 

4. fc=o.i6J=o.o72d ** i = o.45d. 

The ratio of velocities becomes, for the four limiting cases, to 
point where piston speed and lift are maximum: 

1. (|;) = -0223, (|^)=44.84. 

2. (|-j = .0432, (^')-23.i5. 
3" \v)^'^^^^' (5/) = 23.86. 
4. (prj = .o972, ^^*j- 10.29. 

I4irge engines have valve-lifts about the same ratio of the diam- 
eter as do these small valves, but with their slow speeds the lift 
may be greater without so great a danger of harm if the valve be 
plain. In large valves, which are usually water-cooled and heavy, 
the weight including considerable water, the inertia increases with 
the weight about as the square of the diameter as the inertia decreases 
as the square of the speed. Theoretically valves of precisely the 
same strength and form would increase in weight with the cube of 
their diameters, but the form changes with size. Diameters of 
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valves in large engines are generally relatively smaller than in the 
smaller high-speed engine, since the gas mertia is negUgible. 

90. Mean Gas Velocity. — ^The common method of giving these 
gas velocities would be to state that the gas velocity was so 
many feet per minute computed on assumed constancy of velocity 
throughout the stroke. This is called mean gas velocity and cal- 
culated from mean piston speed and continued full open valve. 
Thus M. F. Gaillardet gives for engines of the small high-speed 
class: 

Fg « 13200 ft. per minute (135) 

to 7/ = 19800 ft. per minute (136) 

and limits the hft to J". This is for suction vacuum, opened or 
automatic valves. When at high speeds, unless the large vacuum 
belonging to these velocities is secured, the valves with their high 
inertia will not open and close promptly. Mr. Heseldin gave some 
time ago for automobile engines: 

Exhaust. Automatic Inlet. Cam Inlet. 

7^=4500 3600 5400 

Capt. C. C. Longridge gives V^ for inlet 4800 and exhaust 6000. 
These last two show a not very close agreement with the first, and 
the reason is that in the one case a prompt automatic valve move- 
ment is sought, while in the other the avoidance of loss and as high 
M.E.P. as possible with correspondingly high economy is desired. 
Experiments by the writer show that with mechanically opera- 
ted valves the loss shown by indicator cards is about 10%, with 
7^=4000 for both valves, and it increases about as the square of 
the speed. Giildner gives 7^=4920 as the maximum mean gas 
velocity allowable. Very difiFerent actual velocities may give the 
same means, and this is a source of danger to designers. 

91. Ratio of Maximum to Mean Gas Velocity. — ^The maximum 
piston velocity is to the mean velocity as crank-pin velocity is to 
mean piston speed or the velocity of a point on the circumference 
of a circle to the velocity of a point across the circumference, 
which gives 

5=1^=^-57 (137) 
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Thus for an automobile engine 6X6^ at 700 R.P.M., with valves 
2" diameter flat and -^^ lift and rod =4 cranks, the actual maxi- 
mum and mean may be determined. 

Here 

S'-* ~ — - — (sm 0-\-\ sm 2 5), 

which is a maximum at 90° giving 

^,_ ;rX6^X7oo 
12 
= 1.575=1x92. 

The mean gas velocity, as usually used, is given by the formula 

^'"'^4J/f758X7.2. 

The maximum is 

F' = ii92X7. 2 = 1.577, 

provided this maximum occurs when valve opening and piston speed 

are both at their maximum. 

V 
Should the ratio of -^ differ at various points of the stroke, 

there will be a variable resistance to the motion of the gases and 
possibly considerable loss for the few changes of motion per minute, 
which is only about o.io that of small engines, reducing gas velocity 
to o.oi, its value for the small engines. But a desire for smaller 
losses causes, in many cases, the larger ratios to be retained. It 
will be found that for these large engines 

J3=o.25rf (138) 

to J4=o.5od, . (139) 

the smaller values being quite practicable, but the larger values 
involving less loss by too high a gas velocity. The majority of 
cases will run about 

^5=o.32d . • (140) 
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It is recommended that wherever possible J be made larger than 
this. 

92. Contracted Vein at Valve Opening. — ^So far only the extent 
of the opening has been considered and the velocity obtained by 
dividing the quantity of gas passing by the area of the passage. 
It is well known, from hydraulic experience chiefly, how seriously the 
effective area of an opening can be lowered from the actual. Sharp- 
edged openings will discharge only a fraction of what may pass ' 
round edge openings of equal areas with nicely curved approach 
and discharge surfaces. Care must be taken, then, to make 
approaches rounded, and all sharp edges should be eliminated, else 
the actual gas velocity will be higher than above calculated. Valve 
ports and passages should be so large that the gas velocity shall not 
exceed 3000 feet per minute, especially if frequent bends and 
sharp comers are necessary. Especially important is it for exhaust 
passages near the engine to have ample area and proper form, for 
immediately on lifting the valve a rapid rush of gas takes place, 
while the pressure drops to atmosphere, and if this drop be not 
complete, a back-pressure line will show on the indicator card, 
calling for a more advanced opening. Both these last two points 
have not always received from builders the consideration they merit, 
but when high economy and high mean effective pressure are desired 
they assume great importance. 

93. Valve Thickness. — When small, and even too when large and 
on the suction side, poppet-valves are flat discs with a stem attached. 
Economy of metal and elegance of design bring about an arching 
of the valve which, when the valve is large and hollow for water- 
cooling, becomes very marked, approaching a hemisphere. On 
the side where the stem is attached there is usually a small rounded 
fillet for strength, but in some cases of good design this fillet is large, 
extending by an arc of circle tangent to stem and valve face right 
to the edge of the valve. This furnishes an excellent guide for the 
^as flow, and in connection with similar reversed roundings of the 
walls makes the actual opening more effective by reducing the 
percentage of contraction in the contracted vein. Large valves are 
sometimes balanced, but this balancing serves only to reduce the 
stress on the stem of an exhaust-valve on the initial opening and 
affects not at all the load on the crown of the valve. 
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The proper thickness of a valve disc can be judged most easily 
by considering the valve a uniform flat plate supported, not fixed, 
at the edges. When rounded less metal is necessary and least when 
hemispherical. Such a flat plate is a kind of beam subject to flex- 
ure and in these cases uniformly loaded. The tension of the closing 
spring increases the load, but by so small an amount compared 
with the maximum gas pressure that it may be neglected. For such 
flat plates Grashof gives 



■4KI)^^. 



■^'^N/fi \ / ^' formula (93) applied to a valve of diameter J; 

where T =the thickness of plate in inches; 

ty =the thickness of valve disc; 

J = diameter of valve receiving unbalanced pressure; 

/« working stress in the metal; 
P^« maximum uniform pressure pounds per square inch. 
From this 

t^'='0.4S^sj-f (141) 

Small engines have thickness 

//=o.o9J (142) 

to C'=o.23J (143) 

Hence for these cases we have 

r-2sP^ (144) 

to r=4P., (145) 

showing a very wide range, the lower values being very much too 
low for strength alone, but giving a very stiff disc. In fact a valve 
that springs appreciably will not only be impossible to keep tight 
but will in time surely break. 

Taking P^ at 300 and 450 lbs. the stresses become for the four 

cases 

/'-o.25P^= 7500, when P^ =300, 

-11250, ** ^m=*4So; 
r- 4P«= 1200, - P^=300, 

= 1800, '' P^=4So. 
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Giildner recommends for cam-moved valves 



i/// . 



= 5700, (146) 



but with automatically opened suction-valves, which must be ex- 
tremely light, 

/"^^iiooo (147) 

Hollow valves frequently have^ crowns 0.40^ above the base 
with a thickness of metal about o.oyd when properly arched. 

Solid valves may be arched by tapering oflf edges to 0.6 the 
center thickness and frequently the edge is beveled or rounded. 

Just at the opening an exhaust-valve is subject to different 
stress than before. At this time the gas pressure continues to act 
as before, while the support has changed from an edge support at 
seat to a central one by the stem; but a valve strong enough for the 
former stress will be more than strong enough for the latter. 

94. Valve-faces and Valve-seats. — ^Valve-faces depend for their 
width on considerations of tightness and strength, for sufficient pres- 
sure must be exerted to keep the joint tight and yet not crush or 
otherwise injure the metal of the seat. 

The face of a flat valve is an annulus, while the active pressure- 
resisting surface is the area of face of the seat. The seat is raised 
from surrounding metal and the valve is large enough to project 
beyond. 

Conical valves have faces wider than the seat, the projection 
being upward to permit of regrinding. In this case also the effec- 
tive supporting face is that of the seat. 

Width conical valve-face =|'w <<<«' [.• (148) 

95. Seats for Flat Valves. — ^Let /„== width of seat in inches, P^ » 
the desired or allowable compression on the joint in pounds per 
square inch. 

In calculating the total load on the valve the outer circle of the 
seat should be taken, as the inner circle will probably wear most 
and leave the whole seat active in receiving stress from above. 
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This makes the load 

This is resisted by the compression on the ring of 

P.xL-^-^-— J pounds. 
Hence 

Flat valves have faces varying from 

//=o.o4J, (150) 

giving P,="7.2SP„, 

to/,"'=o.09J (151) 

giving P,=3.56 P^. 



With P^=3oo, /,=o.o4J gives P,=2i75 lbs. sq. in. 
i'-=3oo,/.=o.c9i " P.= io68 " 
P„-45o, h=o.o4J " P,=3263 " 
^« = 450, /.= 0.094 " P,= l602 



(( (( 
it tt 
(( <( it 



This maximum pressure, it must be remembered, lasts only a 
short time and on a poor seat may not be equally distributed, as 
here assumed. Valve-seats must be strong enough to carry this 
rim concentrated load without springing, or more particularly, 
without unequally springing. 

96. Cone-valve Seats. — The normal pressure on cone-seated 
valve-faces is greater for equal diameters and width of seat than 
for flat-seated valves, and while not strictly true, it is near enough 
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for this purpose to take the normal pressure for cone-seated valves 
P/as 

Practice has sanctioned quite some difference in the width of a 
valve-seat for cone-valves also. Small engines have cone-seats of 
widths from 

//''=o.o9d, ..,...• (151) 

giving P^=5.o2 P^, approximately, 

to IJ^'^o.isd, (152) 

giving P„-3.47 Pm> approximately. 

Large engines usually have smaller seats proportionally, though 
not always. For these the width of seat will vary from 

//=o.o6d . .. 5 ... (153) 
to //«=o.io(i (154) 

The outside diameter of the valve is a matter of no particular 
consequence, but it should be large enough to permit of the face 
overlapping the seat. 

97. Valve-stems. — Exhaust- valve stems must be strong enough to 
lift the valve with the full gas pressure at release. This terminal 
pressure can be computed from the pressure ratio for the fuel 
apphed to atmospheric pressure for full expansions. When, how- 
ever, ignition is late the terminal pressure may be 1.5 times as high. 
It will office if steins are amply strong to resist this latter, which 
will range from 

Preterminal cylinder pressure = 2.2 atmospheres for weak fuel, 
high compression, and early ignition 

to P|= terminal cylinder pressure = 6.5 atmospheres for rich fuel, 
low compression, late ignition, and full charges. 

The latter high valves are met only in spark control gasolene 
automobile engines. For common stationary work on proper 
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ignitions, an easy figure to keep in mind is 50 lbs. per square inch; 
this of course is very indefinite. 

If the stem were free and of a length exceeding 15 diameters it 
would be treated as a colunrn and so subject to flexure before crush- 
ing. This would give heavy stems. It is usually possible and desir- 
able to break the stem and introduce other elements of the valve- 
gear to transfer the cam motion to the valve stem so that it shall 
not act as a column. The stem is carried in a stem-bearing varying 
in length from - 

Stem-bearing length = 1. 4i (^SS) 

to '' - =3-5^ (156) 

This bearing guides the stem over more than half of its length 
and prevents flexure. These considerations enable stems to be 
calculated on a basis of compression chiefly. I\ is, moreover, desir- 
able, because of difficulty of lubrication and hence wear, to provide 
excess diameter of stem in engines, where weight is no consideration, 
to permit of re-turning and insertion of a bushing. 

The total load on the stem is, at the moment of opening the 
exhaust-valve, 

4 

Calling C the compression stress in the metal and m the stem 
diameter. 



CX- 

4 



is the resistance. Hence 

C 

or m 



= (^ + 2/.s/^. 



and 2/, varies from o,oSJ to 0.18 J for flat valves. Hence 
w=i.o8J\jTr to w = i.i8J^pr. 
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In practice, valve-stems have diameters in small engines with no 
intended reboring of 

Wi«=o.22J (157) 

to W2==o.28J (158) 



This gives for the four limiting cases: 

1. When /=o.o8i and w.=o.22i C«24P| 

2. *' /=o.i8J ** m=o.22J C^2gPt 

3. ** /=o.o8J '' w=o.28i C^isPt 

4. '' /«o.i8J '* w=o.28J C=i8P< 



Approximately. 



And when P<=5o lbs. sq. inch the four cases give stress: 

1. C=i2oo lbs. per sq. in. 

2. C=i45o '' 

3. C« 750 '' 



4. C=i90o 



(( (( It 
(( tt tt 

ti H (( 



These stresses are properly low, for exhaust-valve stems work 
very hot; large diameters also help to conduct away heat better. 

Guldner gives for stem diameter w=o.i2J-f-TV" to allow for 
reboring. Practice in large stem diameters will lie between the 
limits of 

W3 = 0.22J (i5q) 

and f»4=o.35i, (160) 

the smaller value being amply strong, but the larger one admitting 
of inside boring for water-cooling and the removal thus of half a 
diameter and leaving for the thickness of the walls of the stem 
o.oQi, approximately; in fact a stem 0.24 J will permit of similar 
interior boring and still be strong enough. If half diameter be bored 



the metal removed has an area 



7rX(o.i2)2 



J«i.i3ii sq. inches. 



^ . . « . ;rX (0.24)2 , . . , 1 . 

Onginally the area was -^-4.5239^ sq. mches, leaving 

3.3929J sq. inches, which corresponds to 

w' =0.21 J. 
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It is well to check a stem by the column formula when the bear- 
mg is not sufficient to restrain bending or the stem unusually long. 

Stems on inlet valves may be of practically any thickness con- 
sistent with overcoming (a) the inertia of the valve in opening, dur- 
ing which time the stem is in compression; (6) the necessary ten- 
sion of the spring. The stem must also guide the valve properly 
to the seat. None of these stresses is large. If the diameter be 
made half that for exhaust stems ample strength will be secured. 

98. Valye«<:lostire Springs. — Practically no mechanicsdly closed 
poppet-valves are used, spring closure being the rule. The .ten- 
sion of the spring must be such as will close the valve against (a) 
its inertia, and possibly also some linkage inertia, (6) stem friction, 
and possibly some link friction, and (c) gas friction, sometimes 
called windage or fluid friction. 

Helical coil springs are almost universally used because of their 
adaptability to the stem directly, and these are generally cylindrical 
helices, though a cone base is sometimes used. In these coil springs 
the stress is purely torsional. 

The first solution in a valve-spring problem determines the 
force necessary to close the valve in a given time, or the necessary 
permanent load Ws^ which will not change much for the lifts used, 
which are small compared to the initial deflection necessary to pro- 
duce the axial load of W lbs. To keep spring tension from vary- 
ing much with deflection, many turns are used, about 8 to 15 for 
cam-moved valves, against 5 or 6 for automatic valves. Similarly 
the valve gravitational weight is neglected as assistance or resistance 

h 
in ifaclosure. A valve weighing z pounds must move through — feet 

in T seconds. y^ 

The acceleration is — ^77^2"^*^ second-units. ^ ' 

^^^^ ' ii^ ^y • . .^ •• 

zh zh 

•'■ ^' ° '^.2x 6xT^ ° 193.2 X r2 • • • (^59) 

"pounds to close the val^e in T seconds. 
Or, T=o.oy2s^h^ (160) ^ 

seconds will be necessary for the closure if friction =0. 
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99. Period of Closure. — ^A spring should be capable of closing a 
valve in J of a stroke or J of a revolution at most, as thi« is a little 
less than the time from the crest of the piston-velocity curve to 

T 60 

the end of the stroke. As one revolution takes -5:7 minutes or -^ 

N N 

seconds, this time becomes 

r ^ . T2 56.25 



Substituting above the necessary tension for J stroke closure 

we have 

„, zhN^ , , ^ . 

^*"i^86^ pounds . (162) 

This subject of the part of stroke to which to limit valve-closure 
has been investigated for automatic valves on automobile engines 
by Mr. H. L. Towle. He finds for a number of cases that this 
quantity, whose maximum value has been set at 



Time to close valve 
Time per stroke " ' ^' 



varies from 



, ^. . Time to close valve ^ ^ ^ 

Minunum Time per stroke -°°« ' * * ' ^^^3) 

, , . Time to close valve . , , , . 

to Maximum xime per stroke -0-234, with . . . (164) 

Time to close valve , , . 

Average Time per stroke -°'^34 (165) 

100. Spring Tension. — The spring tension per square inch of 
valve will vary from 6 to 30 oz., the mean being about 12 oz., or 
0.7s lb., for automatic- or vacuum-opened valves. Giildner recom- 
mends tensions from 0.70 to i lb. per sq. inch of valve, depending 
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on the speed and valve weight. For mechanically operated valves 
the tension increases and ordinarily Ues between the limits of 

W^/-5.S— (166) 

4 

and IF/' -9.0'^ (167) 

4 

These values for the force or spring tension to close the valve in 
some predetermined fraction of the stroke should always be calcu- 
lated from the formula given and to the result a reasonable amount 
added for stem friction and windage. The result should lie within 
the empirical values given above. 

loi. Spring Dimensions. — ^The second part of the spring-closure 
problem determines the dimensions of the spring on the data of 
tension needed to bring about appropriate closure. For this purpose 
two formulas are needed. The first gives the relation between 
compression of the coil in inches and the load to produce it, while 
the second gives the maximum safe working load, both in terms 
of the dimensions of the coil. 

Let dn = diameter of wire in inches; 
d^- diameter of coil in inches; 
G=modulus = 12,000,000 for steel; 
i— compression of coil in inches; 
n^— number of turns in coil; 



then 






and 



2'7COOuiM 

Safe W/ "~"^ for wire i inch diameter • . . . (169) 



19600^ 
4000odw^ 



« " '' . . . . (170) 

i '' " .... (171) 

smaller than \ inch diameter. (172) 
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The tension desired should be substituted in the formulas (169) 
to (172) to first determine the safe size of wire, but this requires a 
knowledge of the coil diameter. 

Small engines usp coils of quite large diameter compared with 
the valve disc, varying from 

d,-o,yJ (173) 

to d//3 = i.iJ (174) 

As the size of spring wire does not differ so much with the size 
of engine, large engines have .coils whose diameters range from 

dr =0.3^ (175) 

to rf/"=o.8J (176) 

The diameter of wire thus determined as safe may be used or a 
larger diameter, or, better still, that next larger diameter that cor- 
responds to some number on a standard wire-gauge scale. Having 
the size of wire and diameter of coils with the load required, the 
number of inches initial compression on the spring to give this value 
can be found by substituting in formula (168) if the number of turns 
needed be known. 

For automatic vacuum-opened valves 

<-5 (177) 

to »/'-8 (178) 

will be within good practice. Cam-opened valves have more turns, 
the number lying between 

V"-6 (179) 

and Wc"' = iS (180) 

For convenience of computation a wire-gauge scale is given at the 
end of the book. 

There is in this spring practice a possible and legitimately wide 
range of dimension. The only real limitations based on the needs 
of the valve are 
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1°. A certain permanent minimum load. 

2^. No great change in the load for the valve-lift. 

The first results from using metal sufficiently thick in a coil of 
a certain diameter and giving the coil an initial compression; the 
second from using a sufficient number of turns to the coil, which 
will vary, with the judgment of the designer, from 15 to 8 in large 
engines. WTiere the conditions permit, a long coil is best giving more 
uniform load, least permanent set, and should have a good diameter. 

102. Actual Cam-curves for Valve Opening and Theoretic cam- 
curve. — ^Valves are opened by (a) the difference in pressure in the 
cylinder from atmosphere acting against the inertia and small 
spring tension of the valve, or (6) by cams and linkage systems. 
When cams are used their form is a matter of considerable 
importance. The manner in which the valve should be moved to 
secure a constancy of velocity of gases through the opening from 
the piston-speed curve has been explained, but the actual cam curve 
is not the same as the actual piston- velocity curve. 

1°. A roller contatt with the cam face must produce the motion 
of the stem desired and the cam face must be tangent to the roller 
circles when the roller centers describe the desired movements. 

2°. The cam and roller do not always actuate the valve-stem 
directly; frequently cranks, levers, tension- rods, struts, and pins 
constitute a linkage system to transfer the motion from the place 
where it is convenient to put the cam to the place where it is desirable 
that the valve-stem should be. There is also lost motion or inten- 
tional clearance always present between cam and roller, else the valve 
might not close. 

3°. The actual valve settings are never the same as are theoret- 
ically desirable. Valves do not open or close exactly at the end 
of the stroke, be they inlet or exhaust. 

4°. Different considerations apply to the exhaust-valve than to 
the suction-valve because the functions of the two are different. 
On release, there must be allowed a sufficiently large opening and 
free passage beyond to permit enough gas to pass to allow the ter- 
minal pressure to drop to atmosphere before the exhaust-stroke 
proper begins. If temperature and pressure did not change and 
terminal pressure were three atmospheres, practically twice as much 
gas would exhaust during that first release period at the end of 
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the expansion-stroke as during the whole following exhaust-stroke 
proper. These two exhaust periods will be called the first-period 
exhaust, which is largely a part of the expansion-stroke, and second- 
period exliaust, which is the exhaust-stroke proper. 

These four reasons why the actual cam-curve differs from the 
piston-velocity curve affect the cam-curve in the following ways: 

The first cause affects the curve form by an amount depending 
on the diameter of the roller, a zero-roller diameter having no effect 
and a large-diameter roller greatest effect. 

The second cause of difference affects merely the amplitude of 
the cam-crest -above zero-circle compared to the curve for the valve- 
stem. If there were no linkage these would be equal, and they may 
even be equal with linkage ; but where linkage causes the path of 
the roller center and valve to be unequal^ then will cam-crest be of 
different height above the zero-circle than is the crest of the valve- 
lift curve above its closed position, zero-line. 

The third cause affects the form and height of the cam-curve 
little or not at all, but calls for differences in the points of beginning 
and ending of the curve. It determines, in short, the lag and lead 
of the valve. 

The fourth cause of variation results in a large lead for the exhaust- 
valve, with a possibly quicker rise in the curve for exhaust-cams if 
their inertia will permit. 

103. Cam-roller Effect. — ^Lay off the piston-speed curve for 180° on 
a base (Fig. 133) similar to Fig. 1 30, to such a scale as will give the maxi- 




Fig. 133. 

mum ordinate yz equal to the valve-lift. Transfer this to a circular 
base of double angles, getting thus the whole curve in 90° (Fig. 134), 
on which excess radii are desired cam eccentricities. The ordinates 
giving the cam eccentricities are to be obtained from the valve-lift 
piston-velocity cun^e by laying off aX to represent the maximum 
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cam-roller center movement desired by reason of the valve motion 
and linkage system. Draw parallels from V and cf to the right, 
joining the maximum point m with X and by drawing parallels 
get ordinates to proper scale, which are to be laid off on Fig. 134. 
The radius O^ should be the sum of 0-4= radius of zero-circle or 
hub of cam, and ai4= radius of roller. With a A as radius and 
points V", {/", etc., as centers draw circles, then the cam-curve 
drawn tangent to these circles will be that accounting for the roller 




Pig. 134. 



influence, and by properly taking the scales for aX, will also account 
for motion difference in the ends of the linkage. Should clearance 
be desired, the radius OA should be taken as much larger than 
the cam-hub as the clearance desired. It should be noted that at 
the ends of the curve the roller coincides with the cam-cur\'e and 
here will not run smooth and hence requires a flattening. 

104. Ratio of Cam-lift to Valve-lift. — The ratio of valve move- 
ment to cam movement in practice will depend on the speed at 
which it is desired to operate on the radius of the zero-circle and 
on the lift. Call the cam movement h^ and valve-lift A, radius of 
zero-circle of cam r^, and radius of roller r,.. 

In small high-speed engines the motion is usually direct and 



A=fe. 



(177) 
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In cases like this ,radius of zero cam-circle is frequently the same 
as that of the cam-shaft. The relation between h^ and r^ is usually 
about 

rc-i'SK (178) 

though it may go as high as 

rJ-2M, (179) 

and as low as 

f/'=o.8/t, (180) 

In these cases the rollers are usually of radius 

fr^o.Sr^y . : (181) 

the limits being 

r/«i.2r, (182) 

and r/'-o.6r^ (183) 

Medium-speed stationary engines have cam-lif^s varying from 

V-0.5A . (184) 

to A/'=i.oA (185) 

105. Zero Radius of Cams. — ^The cams for these stationary 
engines are of great variety so far as size goes, but with a zero 
radius of 

V"==3.oA, (186) 

easy running will be assured, especially if the cam-roller have a 
corresponding radius of 

Cams are occasionally used as large as 

f/^=6.oA, (187) 
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These work exceedingly smooth, but as they increase the lever- 
arm, by which the cam-shaft lifts the valve by means of the cam, 
correspondingly greater stresses result. Keeping the lever-arm as 
small as practicable reduces the cam zero-circle to a minimum 
radius of 

The largest practicable roller will seldom exceed 
while the sharpest allowable contact is secured by a roller of radius 

io6. Cam-curves for Proper Valve-setting. — By leaving play and 
adjustments in the linkage system between the cam and valve-stem, 
a certain kind of adjustment of period is possiblfj. By increasing 
free play, a valve will open later than before and close sooner, and 
vice versa, but the opening period cannot be adjusted independently 
of ihe closing period. This must be done by the cam form. The 
above adjustment makes one phase later and the other earlier. 
Both may be made earlier by advancing the cam with respect to 
the driving-shaft. All these adjustments are available to the 
erector, but the designer should work as closely as his information 
will permit without dependence on such means when forming the 
cam face curves. 

107. Valve-setting and Inlet-cams. — Inlet-valves should not 
open till exhaust-valves have closed or a back-fire may result by 
opening of the connection between exhaust-pipe and mixing cham- 
ber, especially with several cylinders on the same exhaust. Ex- 
hausts close on center or slightly after center, hence in the latter 
case inlets open still later. 

Inlet Opens. Engine. 

About 5° after centre, large slow-speed engines, 100-250 R.P.M. 
** 3° ** ** medium- or slow-speed small engines. 
** 6° *' '* small high-speed engines, 500-800 R.P.M. 
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Suction should continue till after center has been passed, espe- 
cially in high-speed engines where the gas has considerable inertia. 

Inlet Closes. Engine. 

About io° for large slow-speed engines. 
** 4° for medium or slow-speed small engines. 
** 15° for small high-speed engines. 

To secure a retardation equal at both ends and still retain the 
form of the roller center-line curve the same in form as the piston 
velocity curve for constant admission velocity, it might seem at 
first glance feasible to retard the whole cam, as in Fig. 135, the 




Fig. 136. 



full line showing the original position and the dotted line the re- 
tarded position. A glance will show that the valve-lifts will not 
now be proportional to the piston speed, but on the rise opening 
will be smaller, while on the fall larger, than before retardation 
at the same crank-angles. 

It is more .important that the end of the curve give full opening 
with a decrease in gas velocity, perhaps, than that the rise of the 
curve be exact. For this reason the result of the process, while not 
securing the result desired, is not exactly detrimental. By making, 
however, a circular crest mm' and using the old rising curve in part 
and crossing over to the new one at the beginning, as shown by the 
dotted line nn', there will result a cur\'e with the following charac- 
teristics: 
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(a) The proper retardation of opening aa\ 

(b) Constant velocity of admission n' to m for a valve with area 
proportional to lift. 

(c) A higher velocity of admission n to n'. 

(d) A lower than (b) velocity of admission m' to w'". 

(e) The proper lag of closure m"m'". 

To secure unequal retardation of opening and closure proceed 
to draw the falling line m'm'" by transferring the part of the curve 
from crest to closure. Draw a circular arc mm' connecting this 
crest with the original crest, and easeeoff somewhere at n' to the 
point of opening wanted. If the speed be very high at the cam- 
face, or the valve-spring too weak for the valve inertia, the roller 
may jump clear on the falling side. In such cases this crest may 
be eased oflF and still secure gas velocities lower than during the 
rise, or the spring tension may be increased. 

To secure the lowest possible velocity of the gases the maximum 

A 
lift or height of crest above the zero-circle should be — , or one quarter 

4 

of a valve diameter, neglecting the stem. Draw then Fig. 136, a curve 




Fig. 136. 



with these data (Fig. 136), and cut oflF the crest by a circular arc, 
whose radius is the zero-circle plus the actual allowable valve-lift dd''. 
In this case from i» to n gas enters with the increasing velocity and, 
neglecting gas inertia, from n to n' the velocity decreases, until at ri 
the velocity is the lowest possible for the valve diameter and piston 
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speed. The piston speed becomes zero at ^', the valve continuing 
open to permit the inertia of the gases to more or less raise the pres- 
sure in the cyhnder to atmosphere. It will be found advisable to 
eliminate sharp turns at m", as they add nothing to the suction, 
while it is very detrimental to the roller. 

108. Example of Inlet-cam Design. — Most valves have conical 
seats, and all linkages have clearance, while the cam-curve is 
more often made for easy running than for constant velocity. 
The treatment of such a case with a very common form of cam 




Fig. 187. 

x^onsisting of two flat faces and one circular arc is best niade clear 
by an example. One of these ordinary inlet-valves was set with 
an opening lag of 10° and closure on center and with a clearance 
of x\ inch. It has two flat faces ab and cd, with a circular con- 
necting arc be, Fig. 137. This cam-curve is intersected by radial 
lines at each 7^° of cam-shaft rotation, beginning at the point of 
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tangency of the cam-curve and cam zero-circle, 
and each corresponding to- 15° on the crank- 
circle. These points are numbered. The cam- 
face rises above the zero-circle for fifteen full 
parts and approximately one £fth of one part, 
which is 114® (approximately), corresponding 
to 228® on the crank-circle. On Fig. 138 
equal spaces each i inch long and each repre- 
senting 15° of the crank rotation. The valve 
opening 10° after center places the zero-point 
on O, Fig. 138, and at each 15® space the 
ordinate represents the valve-stem lift. To 
get this valve-stem lift for each crank-angle 
lay off a-Af Fig. 137, to represent the cam- 
roller radius. A BCD will, then be the path 
traveled by the cam-roller center, and hence 
the valve-stem for continual contact of roller 
with cam. The lift of the valve is given 
by the distance between this and the zero- 
circle AMD. This gives curve Fig. 138, which 
shows the valve closing at D 238° on th^ crank- 
pin circle. A clearance of A inch between 
the roller and cam is indicated by moving 
the axis, Fig. 138, up this distance, as 
indicated, giving a new scale of crank-angles 
on which the valve when opened 10° after 
center closes about 180° or on the out- 
center. 

The angles at which the valve will have 
successively \ inch, i inch, etc., of lift are 
found by laying oflF these distances above 
the clearance-line and finding the intersec- 
tion with the cam-curve. Fig. 138, at the 
points a, 6, c, d, etc. 

The piston-speed cun-e is plotted be- 
side the cam-curve from the following data 
of actual piston speeds for each crank- 
angle: 



f 



L 
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Cranlc-angle. 


True Piston Speed. 
Feet per Minute. 


Crank-angle. 


True Piston Speed. 
Peet per Minute. 


30° 
45° 
60" 
9o» 


.000 

682 

940 

III3 

I178 


I20« 

ISO'' 
i8o« 


927 
726 

495 
000 



By laying off quarter inch of valve-stem lift above the clearance- 
line, Fig. 138, the crank-angles for each quarter-inch lift and cor- 
responding piston speed can be read off by reference to the scale. 
For this case the following numerical values were found : 



Crank-angle. 


Valve-Hft. 
Inches. 


Piston speed 

piir Minute. 

Feet. 


Crank-angle. 


Valve-lift. 
Inches. 


Piston Speed 

per Minute. 

Feet. 


'5° 

K 
41° 

48° 

^: 
95** 


i 
I 

I 

;i 

2 


584 
744 
872 
980 
1048 

1112 
II52 
II76 
II68 


122° 
130° 

142° 
148° 
156° 
165° 


2 

/f 

1} 

li 

I 

} 

1 ■ 


1008 

816 
728 
636 
528 
412 
256 



For these piston speeds and valve-lifts the valve-opening must 
be found. As the valve is conical, the lift will not give the altitude 



fi£ 
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Fig. 139. 

of the surface of opening, nor will the mean diameter be that of the 
seat. The opening wdll be the surface of a truncated cone whose 
side is the least distance between valve-seat and valve-face and 
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whose mean diameter is twice the distance from the center of the 
side of cone to the center line of the valve. These distances are 
most clearly found by laying down as in Fig. 139, and are given in 
table following. By applying the piston area the gas velocity is at 
once found, for the gas velocity = piston velocity X ratio of piston 
area to valve-opening area. 



Crank-angles. 


Valve-lift. 
Inches. 


Side of Cone. 


Mean Diameter 


Area Open. 


Gas Velocity v. 


'S' 


i 


0.17 


8.56 


4-57 


75.900 


34° 


1 


0.34 


8.66 


9-25 


47,600 


41' 


0.52 


8.82 


14.40 


35»900 


48° 


I 


0.71 


8.87 


19.78 


29,400 


ss° 


li 


0.92 


8.87 


25.63 


24,300 


60° 


'J 


1. 14 


8.87 


31-76 


20,800 


68° 


1} 


1.38 


8.87 


38.44 


17,800 


76° 


3 


1. 6a 


8.87 


45 13 


15.500 


95° 


2i 


1.87 


^57 


52.10 


13.300 


114" 


2 


1.62 


8.87 


45 13 


13,200 


I22» 


if 


1.38 


8.87 


38.44 


14,000 


130° 


li 


1. 14 


8.87 


31 76 


15,300 


lis' 


>i 


0.92 


8.87 


25.63 


16,900 


142" 


I 


0.71 


8.87 


19.78 


19,100 


I48« 


} 


0.52 


8.82 


14.40 


21,800 


136° 


' 


0.34 


8.66 


9.25 


26,400 


165° 


0.17 


8.56 


4.57 


33,300 



The maximum possible opening is the area of the seat less that 
of the stem, which is 56.74—3.14 = 53.6 sq. ins., and this is very 
nearly reached with the 2j-inch lift. 

If the valve-area is always proportional to the piston speed, the 
gas velocity with this valve need never exceed 13,100 feet per minute 
if the cam-curve were parallel to piston-speed curve, except perhaps 
near the dead-centers, where lag of opening and closing allows piston 
some speed with zero valve-opening. 

109. Exfaiust-cams. — ^To permit early drop to atmosphere exhaust 
must open early, and the advance depends on the diameter of the 
valve, on freedom of passages beyond the valve, and on the speed. 
The following leads apply only to large full valve-diameters and should 
be greater for small valves. 

To dispel as completely as possible the gases; if the speed 
be high it may hold open after center, or close on center for low 
speeds. 
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Exhaust Opens. Engine. 

25° before center Slow-speed engines, 100 to 250 R.P.M. 

35® before center Small high-speed engines, 500 to 800 R.P.M. 

Exhaust Closes. 

On center Slow speed, 100-250 R.P.M. 

2® after center. Small high speed, 500-800 R.P.M. 

The falling of curve for any lag of valve closure can be drawn by 
laying off (Fig. 140) gff^ the retardation, and drawing a gradually 




Pig. 140. 



rising curve to meet the crest of the regular piston velocity cun^e 
aV'd' y etc., to ^. This crest is above the zero-circle a distance 

J 
WW, Fig. 140, equal to - for the lowest possible gas exit velocity, 

or any distance ww, Fig. 141, equal to fe=the valve-lift for some 

constant gas velocity, when this Uft is less than — . 

The rapid rise and large advance on the rise are best secured 
by advancing the cur\'e of piston velocities aV'd' to a'6V, which 
will give as quick a rise as is practicable, and in some cases too quick. 

The usual easements at corners give two curves, that of Fig. 140 
having a variable velocity of gases throughout, but the least possible 
where crossing at P and F' or running on the piston velocity curve 

of altitude — . 
4 
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Any openings beyond this curve are useful on the advance for 
quickly lowering pressures, and on the drop to account for a little 
inertia and gas friction. The curve of Fig. 141 will always be an 




Fig. Ul. 



easier curve in rise and fall, and will approach more nearly to constant 
velocity of exit after the initial opening for equaUzation of pressure 
during the first period of exhaust. 




Fig. 142. 

Applying the same method of treatment to the common form of 
exhaust-cam, consisting of two flat faces and one circular connect mg 
arc, shown in Fig. 142, there results the pair of cunes of Fig. 143 
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These two curves are respectively the 
piston-vclocity curve and the valve-stem 
motion curve. The interpretation of their 
relative positions can be easily made from 
what has already been said. 

no. Piston-heads. — Piston-heads are 
generally flat plates fixed at the edges and 
uniformly loaded, for which Grashof gives 



or 



34Sp 



C as ?? 



6 5p 



(i88) 



•ji ^ 



j: 



where (f«= diameter in inches, which may 
be taken as the cylinder 
diameter; 
P^= maximum pressure in the cylin- 
der; 
5^= working stress in the metal. 

Small engines usually have flat un- 
stayed heads of thickness varying from 



//«o.04d 
to //'=o.o8d, 



(189) 
(190) 



with an average of o.o6rf, indicating for 
maximum pressure of 300 lbs. 



5p = 31,400 when t/ =o.o4d, 
5p= 7,800 '^ /^'=o.o8J, 
5p = 14,400 '' ^/"«o.o6c?, 



— \ 



or for a maximum of 450 lbs. 



5^ =47,000 when t/ =0.04^, 
o.o6d. 



,p--2I,000 

Sp=-liySco 
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The above stresses are correct only on the theoretic assumption 
that the real stress is considerably less. 

Pistons over, t" diameter should be web-stayed for stiffness, and 
preferably be arched outward or inward for a reduction of thick- 
ness, which may be 0.6/^ for a full arch. Webs are usually about 
0.6/p in thickness. These heads run through a great range of 
thickness, the lower limit holding, but. heads are made with very 
much less stress, as tp sometimes reaches as high a value as 

V^^ciid, (191) 

involving stresses of 

5p«4200 for 3oo.lbs. maximum pressure, 
and 5^=6250 '' 450 lbs. 

considered as flat unstayed plates. 

The actual stresses are less, but the increased thickness used 
in large air-cooled pistons is to compensate for the fact that the 
centers of such heads run very hot. 

Double-acting pistons enclosing water-jackets, should have heads 
of thickness about 

//^o.oyd (192) 

if unstayed, but when properly stiffened this may be as low as 

//'«o.o34^ (193) 

III. Piston Length. — ^There is a rubbing on the sides of the 
cylinder due to the side thrust of the connecting-rod when inclined 
to the cylinder axis, and the length of the piston must be such 
that the pressure on the sides shall be small enough to prevent 
this wear being excessive. 

Excessive wear results in knocking on reversal of direction of 
stress and in leakage, since the rings will not pack oval cylinders. 
The weight of the piston in horizontal cylinders will also add a side- 
bearing stress constantly downward. 
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This maximum guide pressure P^ in pounds p)er square inch 
of piston area is given by the maximum value of 

P, = P^tan0, (194) 

where 4> = connecting-rod angle to axis; and calling the'crank-angle, 

/sin ^«=r sin5, 

or ^^sin'^f-T sin 6j. 

This angle ^ is a maximum when =90° or sin (? =« i ; hence 

max. <^=sin""M yj (195) 

These maximum tangents of are easily found by reference to 
the table. 



r 
/ 


Tan [^(max. )lf ortf = qo** 


r 
/ 


Tan [^(max. )] forfl = oo" 


^ = 0.3333 


0.354 


I 

= 0.2000 

50 


0.204 


— = 0.2857 
3.5 ^' 


0.297 


-^ O.1818 

5-5 


0.184 


T 

-0.2500 

4.0 


0.258 


^'^=.o.,666 


0.169 


=0.2222 

4-5 


0.223 







112. Side Thrust from Gas Pressure and Inertia. — When the 
engine is horizontal single-acting, the thrust directions are as follows, 
neglecting inertia: 

Expansion. Thrust downward, engine turning over. 
Compression. '* upward, *' ** ** 

Suction. 
Exhaust. 
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Adding the eflFects of inertia, the expansion thrust will remain 
downward until somewhere the gas pressures become less than the 
inertia pressures, and this occurs, with delayed ignition, weak mix- 
tures, and in hit-and-miss-governed engines, on every miss-stroke. 
In such cases the thrust will reverse in direction. Considering 
inertia, the suction and exhaust thrusts will reverse during the stroke. 
If the compression be high compared with inertia, reversal may 
not occur during compression, but in other cases it will. 

Double-acting engines and tandem engines, especially when 
double-acting, are subject to a considerable number of possible 
variations of thrust in direction, amount, and uniformity, as can be 
seen by reference to the effective pressure diagrams given for a 
great variety of cases. The maximum thrust calculated from the 
double effects of inertia and gas pressure and adding for horizontal 
cylinders the dead weights of the parts, gives too variable a quantity 
to set down to a rule, though Giildner does so by neglecting inertia. 
He says that this is a nearly constant quantity whose average lies 
between 

Pi -'OgsP^ (196) 

and P/'=.io5P« (197) 

This is approximately true for full-load cards, proper ignition, and 
other conditions at their best, and within narrow limits of inertia 
such as maintain for medium-sized stationary engines, but not for 
variation of indicator card from the best form, nor for excessive 
inertia of the heavy double-acting and tandem engines or the small 
very-high-speed engines used in boats or automobiles. He also 
gives the admissible normal pressure, disregarding packing-ring 
groove, as between 

P„ = i8 lbs. per sq. in., • . . . (198) 

► . . . (199) 



(( <( (( 



going as low as 



Pn"- 7 '^ ** ** ** .... (200) 
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when excessive length of piston is not troublesome, as in ordinary 
stationary engines. Moss in his examination of medium-sized 
engines found the limits of 

P«'"=9.6, (201) 

P»'^=4.8 (202) 

with an average of 6.9. 

The relation between these various pressures is seen from the 
following equations: 

Maximum force acting on piston-head = — P^ pounds, 

** '* ** '* guide or between cylinder and walls == — P-. 

4 

But P^=tan (^ max.)P^. 

If now Lp= piston length, the projected area of the rubbing sur- 

face receiving — P^ tan {<}> max.) pounds is dxLp square inches; 

hence the normal pressure is 

nd^P^ tan (<^ max.) 

The best rule for determining piston length is to keep in mind 
the desirability of reducing P^ to as low a value as possible and 
keeping it as constant in amount and direction as possible by com- 
bination of cylinders and the combination of phases in connection 
with appropriate inertia. This, in general, calls for as long a piston 
as possible. As the wrist-pin for uniformity of thrust must be near 
the center of the piston, the length will be limited by the possibility 
of the connecting-rod striking the sides of the piston. Short rods 
then demand short pistons or the expedient of moving the wrist-pin 
forward, which is w^orse than too short a piston when carried to 
excess. 

113. Practical Limits of Piston Length. — The average high- 
speed engine uses piston lengths Lp shorter as a rule than other 
engines, the practice being from 

Lp^ = i.od (204) 

to Lp"=i.6rf (205) 
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Stationary engines when small have lengths between 

Lp"' = i.4(/ . (206) 

and L/^ = 2.3(/, (207) 

while large engines again reduce the limits to 

L/=i.2d (208) 

and Lp^^ = I,^d (209) 

The figures for guide- thrust given by Moss are based on a mean 
length of Lp=i.$d with a maximum pressure P^ = 30o lbs., inertia 
being neglected, and may be used with these limitations. 

Double-acting piston-barrels support besides their own weight 
that of some water; to hold a proper amount of water and allow 
of the necessary guide-vanes and partitions, a length of o,6d will 
usually suffice. But two-cycle engines when double-acting must 
have a piston whose length depends on the port-opening and stroke, 
since alternately each side must uncover this port at the stroke end 
only. When engines are double-acting, cross-head guides take up this 
side-thrust, and as wear can be compensated by adjustment higher 
sHding pressures are allowed, ranging from 50 to 100 lbs. per sq. in. 
This design of gas-engine cross-heads involves nothing except pro- 
vision for feeding water to piston-rods over the design of steam- 
engine cross-heads and is here omitted. 

It should be remembered that when figuring closely on projected 
area of piston sliding surface, piston-rings must be counted out. 

114. Piston-barrel*. — Piston-barrels have a double duty to perform. 
First the side-thrust must be distributed over the cyUnder surface 
uniformly, and for this the barrel must have a thickness such as 
will prevent springing and so transmit from the wrist-pin boss, 
where the thrust is received, to each part its share of the load. 

Between the wrist-pin and the piston-head the barrel must be 
in compression from the gas pressure, which gas pressure must be 
transmitted to the bosses without springing of the parts; this is the 
second duty of the barrel. Inertia of the two ends of the piston causes 
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the barrel to be alternately in compression and tension; this would 
call for more metal in the barrel near the boss than at a distance. 
The practice is to allow a certain thickness of metal approximately 
uniform between 'boss and head and a thinning out from boss to 
open end. Where the packing grooves end, the metal is usually 
thicker than is necessary, to avoid fractures from sharp comers, 
though in large pistons the thickening is not so marked. Metal 
only sufficient to resist fracture from the forces acting will make a 
piston-barrel too light to prevent springing. 

When larger than 6 ins., pistons should be webbed to better 
distribute stress by increased stiffness. These webs should run from 
the bosses both ways, but should be especially provided between 
head and boss and should lie in planes through the cylinder axis 
or radiating from the boss. Where pistons are very large, over 25 
ins. diameter, metal can be economized with good effect by casting 
some webs in planes perpendicular to the cylinder axis, forming 
inner rings. These webs may have thickness about 0.8 that of the 
piston-head, but their thickness, height, number, and distribution are 
items depending on judgment, the guiding principle being a reduc- 
tion of weight with requisite barrel, thickness, and necessary stiff- 
ness. No sharp corners should be permitted. 

Pistons, when large enough to require elaborate web systems, 
will also require jackets for the head, which may be itself considered 
as one web of the system. 

Barrel thicknesses behind the rings are usually the same as in 
front of the boss and about 0.6 the thickness of flat heads, though 
in very small engines it may be as low as 0.5/p. When tapered in 
front of the boss the edge should not be thinner than 0.4/^. 

115. Piston-rings. — ^Tightness about pistons is secured by cast-iron 
rings sprung into grooves for all sizes up to 30 ins., beyond which 
rings may be made in pieces pressed outward by springs. 

The diametral piston clearance in the cylinder is a matter that 
will depend on experience with each style of engine and will vary 
with the temperature of the piston, its wall thickness and webbing, 
and on the temperature and thickness of the cylinder walls. 

These are things that cannot be predicted, but must be deter- 
mined for every style and size of engine by trial. A good method 
is to ease up all bearings, run the engine and measure the time it 
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takes to stop with gas cut-off and no load, engine being hot for 
first run and cold for the next. 

It is certain, however, that the heads of unjacketed pistons will 
get hotter than other parts, and a preliminary guide to the reduction 
of diameter toward the head is to reduce the diameter 0.003 ^' ^^r 
every 6 ins. of diameter, beginning at the rings and increasing toward 
the head, but not uniformly. The number of rings varies from 
three to ten, and they are best placed one in a groove, though some- 
times two in a groove are used. A clearance of about o.ooi in. is 
allowed at the sides to prevent sticking from heating and gumming 
of oil. 

A piston-ring is a beam when acting as a spring; it therefore 
has a thickness at the open end less than at the middle. Cast iron 
in such a beam suffers considerable permanent set under load, but 
once permanently set for a given load will be almost perfectly elastic 
for all less loads. It therefore is cut larger than the cylinder and 
compressed to a diameter less than the cylinder. It should then 
have acquired all its permanent set and act as a spring; removal may 
cause a set in the opposite direction, which is of no consequence 
provided the rings are not too often subject to this reversal of stress. 

Original turning diameters may be made 0.175 ^^' larger than 
the cylinder diameter before cutting for small rings. For medium- 
sized rings 8 to 18 ins. this may be 0.25 in. and for very large rings 
Seaton, in his " Marine Engineering," recommends an increase of 
o.oid for the original cutting diameter. The widths of the rings 
Wf in practice are not usually calculated, but made some even number 
of inches for a certain range of sizes. 

It will be found that for small high-speed engines where 
13 ins.<d<6 ins., 

TFr=} in (210) 

This is increased in successive sizes to 

W/=iin (217) 

in the largest engines, though rings are sometimes met with over 
an inch wide. 
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The bridge b between rings serves merely to drag one ring along 
and may be any width, the best practice making 

b'-i.oW (218) 

When rings are to be kept dose b may be as low as 

y-o.sPT (219) 

but never less. With plenty of room, it may be larger, but too much 
space increases weight needlessly. The maximum is 

V'^i.SW (220) 

If weight must be increased for inertia adjustment this is one good 
place to do it. 

The thickness Ir of rings at greatest cross-section Giildner, who 
recommends light rings, gives as 

^/«A^+Aii^ (221) 

A common steam-engine rule given by Kent makes 

//'-ir'u^ + iin. ........ (222) 

It makes very little difference just how this thickness varies, 
but it should not differ much from the width of ring. The propor- 
tions of many good rings can be found in any of the works on machine 
design, the gas-engine introducing nothing new. 

Large sectional rings are best made of antifriction or white 
metal, and often the end of the piston may also be so lined if effi- 
ciently cooled. 

116. Wrist-pin. — Single-acting engines carry the wr\st-pin in the 
piston and its size is limited accordingly. WTien an engine is double- 
acting, a cross-head is pro\'ided to carry the wrist-pin, which may 
then be as large as desired. 

The stresses in the wrist-pin cannot be known without combin- 

> ing the inertia and gas-pressure diagrams, but as a guide, the stresses 

from gas pressure alone may be used with the limitation that this 

will set up the highest possible stress, probably at or near dead- 
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center, except when weight of parts or speed are such as make the 
inertia forces greater than the maximum gas pressure. This latter 
will occur only in cases of unusual inertia or in cases where inertia 
for good reasons has been increased above the normal present 
practice. On starting when speed is low the maximum gas pres- 
sure always exceeds any after eflFective pressure, including inertia. 

A wrist-pin is subject to bending and must be strong enough to 
resist; it also has a tendency to heat, measured by its pressure per 
square inch of projected area and coefficient of friction. 

The temperature will be stable and constant when the rate of 
heat generation is equal to that of radiation or other means of carry- 
ing oflF. This friction introduces as another though negligible stress 
some torsion. 

To prevent heating of wrist-pins on large marine engines, the 
pressure is never allowed to exceed 1200 lbs. per sq. in. of projected 
area. In general, pin sizes great enough for this will be amply 
strong. It is not possible to increase the length and diameter of 
the gas-engine wrist-pins without Umit. Pins are fixed in the piston- 
boss, and the length of this boss varies from the maximum o.2$d to 
something less, boss length being sacrificed to give greater length 
on the bearing part of the pin between bosses. 

Let /p= length of wrist-pin bearing in connecting-rod end; 
dp = diameter of wrist-pin ; 
Fp= maximum force in pounds on the pin; 

Fp= — XP^ or o.oco34W^iV2r(i -fai), as the case may be; 

P^=bearing pressure per square inch of projected pin-bearing 

area; 
5^= working stress in the metal subject to bending; 
then will the projected area be 

• F 

IpXdp and Pb^iJ- (223) 

For a circular beam supported at the ends and uniformly loaded 
the following formula expresses the relation between load, fiber, 
stress, and dimensions: 

Loe^d-^Jf^ (224) 

4 h 
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Considering the maximum load as due to gas pressure only, which 
is not always true, this gives 

4 Ip "'a "^^ 
whence 

S.--^ ("5) 

117, Limits in Wrist-pin Dimension. — Small engines have pins 
between the limits : 

Minimum ^^=0.15^; (226) 

Maximum dj =0.25^; (227) 

Mean rf/'=o.22C? (228) 

Their bearing length is almost invariably lp=^,$d, so that 

Minimum /pdp =^0.075^/2; (229) 

Maximum /pd/ =0.125^2. ^230) 

Mean Ipd/' =o.iiod^ (231) 

Considering gas pressure along this gives 

(i) Pb = io.5 and P^ = 3150, when P^ = 300, 

or Pf^ =4725» when P„ =450; 

(2) Pf, = 6.3 and Pft = 1890, when P^ = 300, 

or P^ = 2830, when P^ =450; 

(3)^6=7-15 and Pt = 2i45, whcnP^=3oo, 

or P^=32i7, when P^=45o- 

Considering the stresses from gas pressure alone for the three cases, 

(i) 5^ = 148, P^ =44,400, when P^-300, 
or S =66,600, when P^ =450; 

(2) Sj- S^^Pfn^ 9,600, when P^= 300, 

or S = 14,400, when P^ ==450; 

(3) ^b^ 47» P« « 14,100, when P^= 300, 

or 5 = 21,150, when P^ =450. 
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For the sort of load these pins receive, nothing but very fine 
material will stand the higher stresses, even supposing the maximum 
pressures given were higher than sustained. Mild-steel wrist-pins 
should not be subjected to more than 15,000 lbs. sq. in. stress or 
bending, heating, and excessive wear, if not fracture, will result. 

Medium-powered and large engines have pins of relatively larger 
diameter, the limits being 

Minimum (//"=o.22d; (232) 

Maximum (/^'^=o.45d; . • . . (233) 
Mean d^ =0.3 id; .... (234) 

the lengths being about the same as for small engines, giving bear- 
ing pressures for these cases of 

Maximum P^^y.isP^; 
Minimum P^=3.sP^; 
Mean P^ = s.iP„. 

The corresponding stresses for gas pressures acting alone on 
the pin supposed a beam will be 

Maximum 5««47P^; 
Minimum 5 = iiP^; 
Mean 5=34P^. 

A pin of diameter 

ip^-o.iid (235) 

should make a good wearing, reasonably stiff pin that will remain 
well lubricated, especially if by using extra-heavy bosses well webbed 
the length of the bearing be increased to at least 

l^^oMp (236) 

118. Connecting-rods. — When ignition is early and all other con- 
ditions best the highest cylinder pressures occur at the beginning of the 
stroke. Should this not happen the highest pressures resulting will 
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never be as great as for the former case. The thrust on the connect- 
ing-rod is greater than the piston load, and if the cylinder pressure 
were always constant, the maximum thrust would occur somewhere 
after the beginning of the stroke. It is therefore necessary in steam- 
engine work to find the maximum angle of the rod to get the maxi- 
mum thrust, but in gas-engine work the maximum thrust possible 
occurs at dead-center when the mixture and ignition are 'best and 
weight of charge greatest. The maximum possible cylinder pres- 
sure times the piston area will then give the maximum possible 
thrust on the rod, when the inertia is less than this. Hence to get 
the real maximum thrust, inertia and gas pressure must be known 
for the beginning of the stroke. 

The rod is a column, as its length is always great enough to cause 
it to fail by bending rather than by crushing when under compression. 
Rods for single-acting cylinders arc always in compression with 
respect to gas pressures, but in tension for inertia at certain parts 
of the stroke. When double-acting and tandem cylinders act 
through one rod the different parts of the rod are alteniately in 
tension and compression for gas-pressure stress. Inertia of the rod 
itself introduces bending stresses in the rod which it must resist as 
a beam. 

Thus a connecting-rod must suffer compression, flexure, ten- 
sion, and must be strong enough to resist all of these. The maximum 
pressures in gas-engine cylinders when slow-speed and the high 
inertia for even the small high-speed types call for rods large enough 
to be able to resist the bending due to rod inertia generally. But 
when careful design for minimum weight is needed the complete 
analysis should be made. 

There is nothing except the determination of the maximum 
thrust and tension and their possible dependence on initial inertia, 
rather than gas pressure, in the design of gas-engine rods over what 
has long been practiced for steam-engine rods. This will probably 
affect the constants of those formulas, so this point will be examined. 

For steam-engine rods, formulas for the diameter at the middle 
have been used in two forms, one giving the rod as a function of 
square root of cyhnder diameter, rod length l^ and fourth root of 
the pressure 

dr^a/dWfj (237) 



Digitized by V^OOQIC 



DIMENSIONS OF THE ENGINE PARTS. 215 

Whitham's, Marks's, and Thurston's formulas are of this form, 
but Thurston found it advisable to add a term dependent on speed. 

In this formula PJ is the maximum pressure at the piston at 
the beginning of the stroke, whether due to inertia of reciprocating 
parts or to gas pressure. The other form of formula drops the 
length term and becomes Sennett's form, 

d^brds/PJ, (238) 

in which the value of dr is given for long and for short rods differently. 
We have then 

'dr^^ydlrVFj+Cr .' (239) 

or dr-^brdy/PJ, (240) 

in which 

ay=o.0272, Cr=o (Whitham); 

0^=0.02758, Cr=o if dr< — by his other form (Marks) ; 

24 

a^=o.i5, Cr=o.5" for fast engines (Thurston); 

a,.=o.o8, Cr=o.7S" for slow engines (Thurston); 

br =o.oiSi& (Sennet); 

/ 
&,.= 0.0179, when dr> — (Marks); 

6^=0.0229 for short-stroke engines (Seaton); 
6,.= 0.0241 for long-stroke engines (Seaton); 
br— 0.021 as an average of the above (Kent). 

The above is for round rods. When rectangular, of thickness i 
and depth d, and substituting / for dr in above, 

Op =0.0209, Cp=a47 (Thurston), 

the depth d at crank is 2 J/ and at cross-head i J/. 

119. Limiting Dimensions for Connecting-rods. — Small round 
rods for automobile-engines usually have mid-section diameters 
between 

dr=o.oiid\/PJ (241) 

and dr=o.oi4d\/PJ, (242) 
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and these are for lengths varying from ii to 14 diameters. This 
makes a rod lighter than results from any of the steam-engine formulas. 
Gas pressures seldom exceed 250 lbs. per square inch in these 
engines. 

Plain rectangular rods are more common than round ones in 
these engines, and for these the average thickness is 

ir-^o.ooSdVPJ (243) 

for rods varying from 15 to 25 thicknesses in length. The width 
at the crank end is usually 2.3/ and at the piston end 1.6/^. Some- 
times an I-beam section is used — in which case the breadth of the 
top flange is 1.3/r for a flat rod, while the channel cuts away 
approximately one fourth of the thickness on each side. 

Medium-powered stationary engines with piston 6" to 15" use 
rods between the Hmits of 



dr=^0.02Si^dlr\/P, 



and d/=-o.o3ii^diyPJ . 



(244) 



for rods varying in length from 12 to 20 diameters, showing a fair 
accord with steam practice as represented by the Whitham and 
Marks formulas. 

Very large engines have rods based on these formulas almost 
without exception and are generally round in section. 

Piston-rods, stufiing-boxes, and cross-heads are designed pre- 
cisely as for steam-engines, the only variation being in the deter- 
mination of the maximum stresses by the effecc of combining inertia 
and gas-pressure curves for the proper weights, speeds, combination 
of cylinders, and phases of the cycle. 

120. Crank-shafts, Pins, and Cranks. — Gas-engine cranks, shafts, 
and pins, while designed by the same general method as are the 
parts of the steam-engines, will have different proportions expressed 
in terms of power output because of the greater variety of stresses 
met with. The maximum stress for a single-throw crank-shaft varies 
more and more irregularly from the mean with conditions, than 
does the same relation for steam, while for multiple-throw shafts 
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the variation of the relation and extent of the maximum does not 
vary with the number of cranks at all like the similar cases with 
steam. The reason is to be found in the greater variety of phases 
per cycle, and the phase relations in combining cylinders, and the 
greater nimiber of diflFerent cylinder combinations practiced. It is 
not necessary to investigate the variations of stress with load ignition 
and other similar conditions for the design of crank-shafts, but 
variations due to multiplying cranks, when acted on by full-load 
gas pressures and by the various inertia stresses for the maximum 
speeds and weights of reciprocating parts, must be taken into con- 
sideration. The resulting crank-shaft system may especially, when 
of multiple-throw, seem out of all proportion to similarly numbered 
steam crank-shafts. 

Power-cylinders of gas-engines nearly always act on center 
cranks, though occasionally overhung cranks are used to drive the 
suction-cylinders for two-cycle engines. Shafts with pins and crank- 
arm are usually made in one piece, but the stresses in the various 
parts are diflFerent in intensity and nature. 

Forces transmitted through the connecting-rod are due to the 
combined action of gas pressure and inertia of reciprocating parts, 
and have the efiFects of bending the crank-pin which resists as a 
simple beam, bending the crank resisting as a cantilever beam, and 
bending and twisting the crank-shaft. Of course there are various 
shears, but need not be separately considered. With two or more 
cranks the twisting of the shaft due to the connecting-rod forces 
on the forward crank-pin, is transmitted through the forward crank- 
arm of the after crank to forward end of the after crank-pin, 
causing another bending force and moment on the after crank-pin. 
Dead loads, such as the weight of fly-wheels, dynamo-armatures, 
belt-pulls, and pulley-weights, all act on the shaft to bend it, and con- 
stitute another set of active forces that must be resisted. 

A complete discussion of all the forces excepting the last set acting 
on a crank-shaft, and the complete process in detail leading to the 
design of such a shaft, is given by Prof. Dunkerly in a paper before 
the Institution of Naval Architects of Great Britain, and may be 
referred to with profit; it is reprinted April 4 and 11, 1902, in London 
Engineering. Professor Kline, in the "High-speed Steam-engine,'' 
gives a simple, graphic method for determination of the stresses and 
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their resultant moments. For the purposes of this work the method 
will be merely outlined. 

121. Maximum Twisting Moment. — &)nsider first the shaft to 
resist the twisting effort. The maximum twisting moment on the 
shaft is given by the pressures on the turning-effort diagram. This 
must be constructed, since, when gas pressures are a maximum, 
inertia has the greatest effect in reducing the effective force, and at 
this time the moment arm is zero. When, by rotation, the arm 
increases, the effective pressures may increase or decrease, depend- 
ing on the inertia, and assuming always full-load indicator cards, so 
that prediction of maximum moment is difficult. 

For approximate work the results of measurements on other 
turning-effort diagrams may be used; these results give the ratio 
R^ of maximum turning moment to mean turning moment, and of 
course the mean turning moment is easily found from the indicated 
horse-power of the engine. 

Let M/ «mean turning moment in inch-pounds; 

3fe«maximum'* '' " 

Mt maximum turning force 



*** Mt mean turning force ' 

then mean turning moment in foot-pounds is 

LH.P.X33000 
2nrN ^^' 



(245) 



,,, I.H.P.X 33000 . , , , ^. 

Mt -^ X 1 2 mch-pounds. • . (246) 

—63025 — -j^ mch-pounds. 
I H P 

Af< -63025-^^2?^. ...:.... (247) 

An examination of turning-effort diagrams with different inertia 
conditions and cylinder combinations has given the following values 
for R^y which are true only for the conditions given, but may be 
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Approximately true for nearly similar cases. The principal condi- 
tions are: 

(a) Cylinder combination to produce a certain angle between 
phases and cranks. 

A complete cycle is completed in 720° of crank movement; hence 
if expansion begins in number two cylinder 120° of crank- angle after 
it begins in number one cylinder, the phase difference is 120°. 

(b) The original form of indicator card, which, of course, is always 
taken for full load. 

W 

(c) The inertia, which is measured by four quantities, iV, — , r, and 

r W 

7 ; but as two of these enter as factors of a product N^ — , this product 

is best given as the determining condition; or to be more complete, 

W 
the factor r may be properly included in the product giving N^ — r. 

This quantity may be the same for many engines, but always gives 
the same inertia forces for the reciprocating parts. 

It should be noted that beginning with low inertia the ratio 
R^ decreases with increase of inertia because this lowers effective 
pressure for the first half stroke, while a high inertia approaching 
the initial gas pressure so raises terminal eflfective pressure as to 
increase the ratio. With inertias greater than the gas pressure the 
numerator of the fraction would be due to this alone. For a single- 
cylinder engine the mean turning effort is constant for full load and 
changes in the R^ are due to changes of the maximum only. This 
mean increases directly with the number of cylinders, while the maxi- 
mum varies a little both ways. 

Reciprocating parts may be combined in sets to reduce the result- 
ant inertia forces that, where present, often so distort the turning- 
effort diagram as to give erratic R^ values. For two-cycle engines 
approximate values can be obtained by multiplying R^ for four- 
cycle by 1.7. This presupposes a reduced indicator card of 0.6, 
the mean pressure. 

122. Shaft to Resist Twisting Only. — ^The resisting moment of 
a shaft subject to torsion only is 
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where d, -diameter of shaft in inches; 
5,= shearing stress in metal. 

Equating this to maximum twisting moment and solving for d,. 



^ M5.1 , LH.P.„ 
d,->J;j^X63025— ^le^ 

M I.H.P.„ ^ '|I.H.P.„ 

-^32i427-^^i?«,-C,sj— ^2?^, . . (248) 

For steel shafts S should not exceed 12,000 lbs. This is the 
shaft diameter that will transmit the power developed if the 
shaft is subject to no bending. Shafts are always subjected to 
bending from their own weight, from belt-pulls and fly-wheel 
lights and from crank-pin forces. This bending is always accom- 
panied by twisting, and the shaft must be strong enough to resist 
both stresses acting together, and when so built will be strong enough 
to resist all shears as well. This is done by finding a shaft diameter 
that will resist a moment of applied stresses equal to the combined 
turning and bending moments. 

123. Maximum Bending and Twisting Moment — Let lf^» max- 
imum bending moment; If, «= equivalent twisting moment; 

then 



M,=M,-hVilf,2+ilf,2. ..... (249) 

and for this the shaft must have a diameter in inches, when moments 
are in inch-pounds, of 



ds = \j~^M /inches (250) 

If bending of the shaft between journals, due to load at the crank- 
pin, be imagined applied uniformly to a continuous shaft /, inches 
between journals, the maximum bending moment is 

Maximum applied force X/5 . , , , . 

M^ = o mch-pounds. . (251) 
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This is only one of many possible assumptions on the constrain- 
ing action of a journal, but it is common and simple and seems to 
work well in practice. The maximum applied force is that maxi- 
mum force acting on the wrist-pin and may be due to inertia alone 
in the idle strokes when inertia is higher than gas pressure, or may 
be due to gas pressure alone when an engine is starting and inertia 
is zero, or may finally be due to the combination of gas and inertia 
pressures acting on the piston. 

Gas and inertia pressures are additive only at the end of a work- 
ing-stroke, where terminal gas pressure is added to the lower value 
of the out dead-centre inertia. Should inertia so increase as to 
make this sum equal to or greater than the initial gas pressure, the 
in centre inertia will be greater still for the suction- and exhaust- 
strokes, so that it will be found that the maximum pressure acting 
is either initial gas pressure or in center inertia, as the case may be. 
Inertia pressures exceed gas pressures at inner dead-center only 
for extraordinarily high speeds or heavy parts with long strokes, 
which is not found in ordinary gas-engines. . . 

This may be calculated for a given case, but may be taken for 
medium-powered, medium-speed engines at 300 lbs. per sq. inch. 
For small high-speed automobile engines 250 lbs. and increased 
to 450 lbs. as a maximum limit for the largest engines on rich fuel 
and with the high compression permitted by water-cooled pistons 
and valves if the speeds do not exceed 250 R.P.M. Whatever it 
may prove to be, call this maximum pressure at the wrist-pin P^ 
lbs. per sq. inch, then 

M.^ — XPLxf (252) 

Putting length between bearing to cylinder diameter -i=»6, Af^ 

can be found. 

This b will average for any number of cylinders up to four on 
one crank the value 6 = 1.3. For the average value of b given, the 
bending moment is 

lfj,=o.i28Pj,(P. . . o • . . o (252) 
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The expression for twisting moment and equivalent moments 
can be similarly expressed as a function of the cube of the cylinder 
diameter: 

If p w P 6X33000IH.P. 

Mt'^R^Mt ^K^ j^. . . . (253; 



Expressing indicated horse-power in terms of cylinder diam- 
eter dy in number of single-acting 4-cycIe . cylinders 1^, and the 

stroke in inches /: 

/' 

ncPxP^lX^T) tzcPPINt) 



hence 



T XT T> __ __ 

4X33000X12X2 4X12X2X33000* 



Mt = — T- A^ mch-pounds (254) 



Strokes are always kept within narrow limits in their relation 
to cylinder diameter. Put the ratio 



then 



d=^' (255) 



U.-^R. (,56) 



Hence for twisting stresses only 

"-^^fW-- t=57) 

To account for bending as well as twisting, instead of Mt the 
moment M, is to be substituted on the Mt moment multiplied 
by the ratio 
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From the above 

Jf, ;r(PP:6_ i6 kPJ) 



X 



Mt 32 ^d^PxriR^ ^P^T^RJ 



whence 



This gives for the shaft diameter, to resist bend and twist due 
to live loads at crank-pins and received from the connecting-rod 

It will be well to repeat the meaning of the s)anbols: 

d— cylinder diameter in inches. 

5, « maximum allowable metal stress = 12,000 lbs. for steeL 
P-»mean effective pressure in the cylinder. 
jc= ratio of stroke and diameter of cylinder. 
iy« number of four-cycle single-acting cylinders contributing to 

the stress of the shaft. 
!?,„= ratio of maximum to mean turning force, 
ft -ratio of length between journals to cylinder diameter = length 

of crank-pin plus twice the thickness of crank-arm to cylinder 

diameter. 

Though there is such a great variety of cases, each with its own 
particular value for the above expression as to make a mean value 
impossible or worthless, it is possible to state within what limits 

the ratio -7 does lie in the engines already built. This knowledge 

will serve as a check on the computation by the formula. 

One significant fact is to be noted: the product r^R^ will be nearly 
constant for any number of cylinders up to four and will vary but 
little for any number up to eight, all supposed four-cycle single- 
acting. 
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Ertipirical expressions for shaft diameters will also give a fair 
idea of practice in the use of factors of safety. 

124. Limits of Shaft Diameters. — Small single-cylinder high-speed 
automobile engines have shaft diameters between the limits 

d/=o.2id (260) 

and d/'=o.34i, (261) 

with a mean of d/^'=o,yxl (262) 

These engines carry rather Ught fly-wheels, but with the heavier 
fly-wheels and lower inertia of the larger medium-powered stationary 
engines the ratio of diameters does not depart much from these 
limits, as will be seen from the following for this class: 

Minimum d/^ = o.28d; (263) 

Maximum ^,^=0.42^; (264) 

Mean d/'=o.34rf. (265) 

Large engines in which the impulses of not more than four 
single-acting four-cycle cylinders, two four-cycle double-acting cyl- 
inders, two single-acting two-cycle cylinders or one double-acting 
two-cycle cylinder are transmitted through one shaft and carrying 
the usual fly-wheels will have diameters between the limits 

d/"=o.4od (266) 

and (//'" = o.sorf. (267) 

Practically the same limits exist for less cylinders, always sup- 
posing no two to work in phase. 

Heavy belt loads, fly-wheels, or dynamo armatures are best carried 
between one main journal and an outboard bearing, which does 
not throw any of the bend on the crank-shaft proper and permits 
the use of the simpler formulas for equivalent moments for this 
shaft, while the thickening of the shaft where the dead weight comes 
reduces the deflection. 
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All the dead loads must be resolved into a resultant, and if they 
are in one plane the resultant is found by the parallelogram of forces. 

The thickness of the shaft at the place where the concentrated 
resultant rests will be determined by the allowable deflection rather 
than by strength considerations. 

For such work a convenient formula is that of Mr. W. H. Booth, 
given in "American Machinist ": 



^w^, 



<>."-3ii-^^. (=68) 



where d,'*= diameter at the load; 

Ww =^oa,d in tons of 2240 lbs.; 
Z>y= distance in feet to center of journals. 

This will give a deflection of 

A5=—g^j- inches (269) 

In the above 

Pw=load in pounds; 
dy=span in inches; 

£= modulus of elasticity = 30,000,000 for steel; 
/= moment of inertia = 0.0491 (d,*^)*. 

Any deflection gives a slope to the axis, and this slope or tangent 
of angle of deflection is 

*" ^od/ ' • • ' ... (2/o; 

124. Main Bearings. — ^All forces acting on the crank-pin cause 
reaction on the bearings and produce between the shaft and bearing 
a variable pressure. To keep oil from squeezing out the maximum 
pressure should not exceed a certain amount, nor should the mean 
exceed a certain amount. If the mean pressure is low a sudden rise 
to quite a considerable maximum is not harmful. Vertical engines 
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usually have shorter bearings between qrlinders than at the ends 
of the crank-shaft. These bearings are equidistant from the center- 
line of the rod. In cases like this the length of the inner bearing 
is made about equal to the shaft diameter, while the outside bear- 
ings are about two or two and one-half shaft diameters in length. 
Let /y«the sum of the length of two adjacent journals carrying 
load from one cylinder; 
Py'= maximum journal pressure on projected area; 
P,=mean journal pressure on projected area; 
1^= number of single-acting four-cycle cylinders acting on 
one pair of journals; 
P^'= maximum cylinder pressure; 
P=mean cylinder pressure for each working-stroke; 

p 

then -= *' '* *' ** cycle of one cylinder; 

-5^« " '* '' '* '* '* i^cyUndere. 

or Py=o.o98i?P^ (271) 

125. Journal-pressure Limits. — For large multicylinder and 
double-acting engines the mean journal pressure will run from 

i'/=o.3P (272} 

to P/'=o.5Plbs. sq. in (273) 



Medimn-powered single-cylinder engines are subject to lower 
mean pressure for the cycle, though a little higher for the one 
working-stroke, the- limits being 

P/"=ai3P (274) 

and P/^=o.i6P, (275) 
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while for automobile engines about the same average maintains : 

P/=o.i7P (276) 

Maximum pressures are sometimes quite high: 

nCP 
4 

These maxima lie between 
P/- 



Maximum. Minimum. Engine. 

i.2oP^' 0.65 P^' Automobile engine 

i*2pPm' i-6sPm' Stationary medium size. 

The average for large engines will be about i.2$PJ. It should 
be remembered these maxima PJ are different, depending on condi- 
tions given before, and that ordinarily they exist for only a short 
time for single cylinders, the period increasing on increase of num- 
ber of cylinders. 

126. Crank-pins. — A crank-pin is a beam and may receive two 
principal loads, each causing a bending stress. First, the after crank- 
pin or that nearest the load receiving the stress from a crank farther 
away will be subject to a bend from a force applied at the end farther 
from the load whose maximum amount is the maximum rod-thrust 
or pull. Secondly, it receives uniformly over its length the force due 
to its own rods, maximum thrust or pull. Steam-engines when 
multiple-cylindered usually have the work equally divided and 
applied at all cranks simultaneously. In such cases the transmitted 
bending force will be i, i, etc., according to the number of cylin- 
ders times the total turning force shown by the combined turning- 
effort diagram. Four-cycle gas-engines work one stroke in four; 
hence, so far as the gas-prcssurc forces arc concerned, when cranks 
are parallel or at 180° or 360° the maximum force transmitted to 
the forward end of the after crank-pin will be simply the maxi- 
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mum turning force due to one cylinder, which is the same as that 
for any number of cylinders on separate cranks up to four. The 
same is true for two-cycle cylinders, with cranks at i8o*^, up to two 
in number. This does not, however, apply to turning efifort due to 
inertia forces, which also affect turning efforts. The resultant 
Inertia forces for all forward cranks together will be transmitted 
to the end of the after crank-pin. 

A two-cylinder four-cycle engine with two cranks will give to 
the end of the forward crank a maximum force equal to the maxi- 
mum turning force for one cylinder; similarly for three cylinders and 
three cranks the after pin receives at its forward end the maximum 
turning force for two cylinders. The ratio R^ of maximum turning 
force for ly — i cylinders to the mean turning force for (rj — i) cylin- 
ders is given for various cases. Dividing this by — — gives the ratio 

of maximum for ()?«=i) to the mean for t) cylinders, call the result 
RJ. Then the maximmn force Fcp acting on the forward end 
of the after crank-pin is 



I.H.P. 

rN 



^ci>«63,o25— ^^if/, (278) 



where I.H.P. is the indicated horse-power for n cylinders. 
The bending moment for this force is 

Bcp-^FJ,p (279) 

inch-pounds, when /^^= length of crank-pin in inches. 

Uniformly distributed over the. pin is a force whose maximum is 
probably the maximum effective piston pressure for one cylinder 
PJ times the piston area, and the bending moment for this is 

Bcp''\i^PJ^lc) (280) 

These two forces arc not a maximum at one time, nor do they 
act along the same lines nor produce bending in the same plane. 
The worst case that could occur, however, or rather a worse case 
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than could ever occur, would be to have them act together to pro- 
duce additive effects. For added moments the diameter of pin 
necessary would be given by 



Hence 









dcp^d* 



m 



32 dJScp' 



(281) 
(282) 



Gas-engine practice sanctions pins in which the ratio of length 
to diameter is as follows: 



hp length of crank-pin 
d^P diameter of crank-pin * 



Maximum. 
1-7 



Minimum. 
0.90 



Mean. 
1.4 



Diameters calculated by the above should he between the fol- 
lowing limits for strength: 





^'^p— diameter of crank-pin. 




Maximum. 


Minimum. 


Mean. 


Engine. 


d,p^0.2oi 


rf,^-o.3M 


dcp-o.^id 


Automobile 


dcp-o.zid 


dcp-o,^^d 


d^p^o.4od 


Medium stationary 


rftfp-o.35d 


d^p~o.S2d 


dcp-'0.47d 


Large stationary 
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Strength is not the only question of importance: sufficient pro- 
jected surface for proper lubrication under the maximum pressures 
is necessary on the assumption of equal distribution of stresses 
over the surface. 

Let P^p= maximum pressure on crank-pin projected area; 



;rrf2. 



then 



p..= 



" IcpXd^p 



=°-7'5(^)^/. . . . (^83) 



The values of this ratio practised are given below and are purely 
empirical, hence are not to be considered as limiting future designs. 



d' 


Maximum. 


Minimum. 


Mean. 


10. 


4.0 


55 


5-5 


31 


4.0 



Most formulas for crank-pins to prevent overheating depend 
on an assumed coefficient of friction with a mean journal pressure 
depending on I.H.P. and velocity of rubbing surface, but as experi- 
ence permits the former empirical treatment it seems safer. It 
should be noted in adjusting the crank-pin surface that length is 
more effective than diameter in cooling, and of two pins otherwise 
equal in all respects, including projected areas, the longer will run 
cooler, though weaker for the same applied forces. 

127. Cranks. — Cranks arc cantilever beams with moment arm r, 
of thickness t^ parallel to shaft and width w^ parallel to the plane of 
rotation, are always rectangular in section and, except in very large 
sizes, of uniform cross-section. The minimum width may be arbi- 
trarily fixed, so as to take up shaft end-thrust and prevent side 
play of the crank-shaft, as 



w/ =ds-\-y' for smallest engines, 
u'/' =rf,-f2" for largest engines. . 



(284) 
(285) 
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In small and medium engines the width will lie between 

while in large engines this ratio of width to shaft diameter is as 
low as I.I. 

When power generated in several cylinders is simultaneously 
applied to several cranks and transmitted through the last or after 
arm to the driven shaft, this last arm receives a force at the crank 
radius whose maximum is the maximum turning force for all cyl- 
inders. This force is not necessarily greater than for one cylinder, 
as has been pointed out, and as its moment is the turning moment, 
the ratios of maximum to mean turning moment given can be used 
to find the maximum moment on the crank. This gives by equating 
moments of resistance to moments of load, in inch-pounds, 

6302S^-^R^J^% (286) 



or 



33000X6 ^ PXlX7:<Pr)R^ _ t,wJ^S, 
7t 2124X33000 6 * 



for 1^ cylinders, single-acting four-cycle, or 

16 6 6 ' 

if a^«area of cross-section of crank-arm. 
This gives 



or 



"'i-ii^' (^87) 



3 PldijR^ d 
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d 

The ratio — lies between 0.35 and 0.55 for automobile engines 

up to four cranks, the larger value being somewhat the better. For 
medium-powered engines it will lie between 0.40 and 0.60, with the 
average for these as well as for large engines at 0.55. The resulting 
thickness t^ can be given as a function chiefly of the width for an 
engine of a given size and class and when calculated will lie between 

// = o.27w^ (289) 

and //'=o.4Sw^ (290) 

with an average of t^o,^w^ for automobile engines with four-cycle 
cyUnders up to four and out of phase. For larger engines the limits 
will increase through 

//'' = o.sow, (291) 

for medium-powered engines to 

/j^^ = o.6ow^ (292) 

for the very large sizes. 

128. Fly-wheels. — Single-cylinder gas-engines cannot complete 
the cycle without fly-wheels or other equivalent rotating parts; 
multicylinder engines with working impulse every stroke may be 
able to continue work without them. Thus the first function of the 
fly-wheel in a gas-engine is to enable a complete cycle to be carried 
out. There is another function more diflicult for the designer to 
meet; i.e., the maintenance of angular velocity within prescribed 
limits of variation throughout the cycle. The total revolutions 
per minute will be kept constant by a governor which really adjusts 
the mean ejjort to the mean resistance over periods of time greater 
than that for one revolution. Should the actual turning force 
momentarily increase above the mean resistance, which, neglecting 
losses, is equal to mean turning force, the angular velocity would 
momentarily increase, but should the mass rotating be large, the 
angular-velocity increase would be small. 
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Chtoge in angular velocity will depend, first, on the difference 
between actual tangential driving force and the mean; secondly, 
on the mass and velocity of the revolving parts, and lastly on the 
length of time the difference in forces continues. It is possible to 
control these effects in a new engine, as the first and third depend 
on the uniformity or lack of uniformity of turning effort, which may 
be made most uniform by properly adjusting inertia and combining 
cyhnders, crank-angles, and cyclic phases. The second factor in the 
angular-velocity variation is the mass and effective radius of the 
rotating parts, which may be imagined concentrated in a fly-wheel 
rim and which rim may be of any size at all, within, of course, certain 
limits. 

In the computation for the weight of rotating parts to limit 
angidar variation it is customary to neglect everything but the rim 
of the fly-wheel and to concentrate there sufficient metal for the 
purpose. Anything more, such as cranks, counterweights, hubs, 
spokes, etc., will exert a helpful effect on steadiness and compen- 
sate for errors made in the less exact part of the computation; i.e., 
that which gives the amount of the variation of turning work above 
or below the mean in foot-pounds. 

129. Weight of Rim for Limiting Velocity Change. — ^It is 
possible to exactly calculate the weight of rim necessary to limit 
change of angular velocity to any desired amount when the difference 
between the actual energy received in a fraction of a cycle bears a 
known relation to the mean energy for the whole cycle. This is a 
problem of pure mechanics. 

Let Fi= maximum velocity of rim in feet per second; 

yg^minimum ** '' '' '* '' *' 

V =mcan '' '' " '' '' '' 

Wi = maximum angular velocity of rim in radius per second; 

w;2=minimum '' '' '' '' '' '' '' '' 

w«mean '' '' '' '' '' '' '* '' 

^ , W pounds 

Af «mass of nm= — ; 

g 

J£« greatest amount of energy received or lost by the rim 
in foot-pounds per cycle above the mean, or = greatest 
area of crank-effort curve above or below the mean to 
the proper scale to give foot-pounds; 
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Fi — V2 greatest velocity change in rim W1—W2 



K 



V mean velocity of rim w 

«coefl5cient of speed variation allowable or the coefficient 
of unsteadiness; 
/= moment of inertia of rim; 



then 



W W ' 

AE -£i -£2 =^(^i'- 1^2^) --{Vi -f V2XV1 - V2) (293) 

=^(2 7)(/i:7)«^ (294) 

in terms of linear velocity of rim, 

or JE^w^IK 

in terms of angular velocity. 

The weight of rim necessary for this limit of velocity change 
to KV feet per second with the intermittently applied energy JE 
above or below the mean is therefore 

JEg 
W'^p^ pounds (295) 

129, Energy-fluctuation Coefficients. — Before a wheel can be 
designed to work within these limits, or before the required weight 
for the conditions can be found, the quantity JE in foot-pounds for 
the particular engine in question must be known. If the diagram 
of, turning efforts can be drawn, this can be found by measuring 
directly by the planimeter the area involved and applying the proper 
scale to reduce it to foot-pounds. In general this diagram is not 
usually available, so that JE must be calculated from the mean 
energy by applying thereto a factor determined by such measure- 
ments on turning-effort diagram for engines of the same class, 
operating under the same conditions, as are available. This factor 
must be so given that JE can be expressed directly in foot-pounds. 



Digitized by V^OOQIC 



DIMENSIONS OF THE ENGINE PARTS. 237 

Let Fig. 144 be a tuming-eflfort diagram for a single-cylinder 
engine whose mean efifort is Al/ in pounds and the length of whose 
crank- path for the cycle of two revolutions is AB. The work done 
per cycle of one working-stroke is the area AbcB, and to the proper 
scale this represents PLa foot-pounds, and is therefore equal to 
the indicator card to an approximate scale. The greatest excess 
energy is (def), which represents JE; hence calling the ratio 

area (def) area (def) to proper scale . 

area AbcB ^ ~ area indicator card to proper scale* ^ ^ 

we have 

JE=l?.X(area AbcB to proper scale), foot-pounds, 

=jR,X (area indicator card to proper scale), foot-pounds; 

hence 

i£=2?.Pia foot-pounds (297) 

Increasing the number of cylinders to four changes, both the 
mean effort, which is four times that of one cylinder but also changes 
the relative and absolute value of JE, Fig. 145, represents such a 
turning-effort diagram for four cylinders at 180° phase difference. 
The base AB as before represents the crank-path for two revolu- 
tions and Ab the mean effort for the four cylinders and is four times 
that for one. 

Area AbcB =4PZra = foot-pounds energy per complete cycle; 
Areai46gC« PLa« ** ** '' working-stroke; 

Area def represents the greatest energy fluctuation. 

It is evident for a multiple-cylinder engine that the ratio of fluc- 
tuation may be expressed in two ways, first comparing it to the 
raeaa for one working-stroke, as 

def foot-pou nds represented by (def) 
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or, secondly, comparing it to the mean for the four working-strokes, 
as 

def foot-pounds represented by (def) -Re „ / / 

There will then result for tj cylinders two ratios: one, J?„ based 

R 
on PLa, the work per single working-stroke, and R/ =— , based on 

TjPLa, the work per tj working-strokes. 

When using these energy-fluctuation coeflScients from tables 
given by diflferent authorities, the designer must be careful to find 
out which ratio is given. In this work if. is always given, and 
therefore 

J£=J?^PLa foot-pounds (300) 

For the purpose of comparing relative steadiness in reception 
of energy by the fly-wheel, the other ratio, i?/, is most useful, and 
this is one reason why the complication of two different ratios is per- 
mitted at all. Another reason is that on the turning-effort curve 
the mean-effort area for the four strokes is most easily measured, 
because odd phase differences will not make it possible to divide 
this area into 7} equal parts, or, in other words, the cun^e of turning 
efforts will not repeat itself rj times in two revolutions. When 
thus measured the ratio will be called R/ and 

JE=^R/PLaT) (301) 

To permit the use of this J?, in the fly-wheel formula for the 
new engine, it must have been derived from an engine giving a 
turning-effort curve identical with that expected from the engine 
in question. Here there will always be of necessity an element of 
approximation. 

Supposing 2?e or R/ to have been properly determined for the 
new engine, then JE can be found : 

JE=R/PLaT), (302) 
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where P=mean eflfective pressure for the working-stroke or the 
M.E.P. for the four strokes of a single four-cycle 
cylinder; 
£= length of the working-stroke in feet; 
a = area of piston in square inches; 
1^ = number of working-strokes per cycle. 

Substituting this, the weight of rim is given by 

^" — WkT p^^"^s (303) 



If now Dn -mean diameter or twice the radius of gyration of the 

60 



TtDN 
rim in feet "? • «°F— feet per second, giving 



36oogR/PLa7) 

^ R/PLar) , ^ 



130. Fly-wheel Formulas. — It is possible here to point out the 
limitation of a very conmion fly-wheel formula, which is 

W''^Crvjy 2jsf2 (306) 



For this to be true it is necessary that 

R/Pri 



K 



^•'> (307) 



which is equivalent to assuming that all engines have the same 
mean effective pressure, the same luming-effbrt curves, and the same 
coefficient of unsteadiness, or that the coefficient of unsteadiness 
varies as the product of R^ and mean effective pressure. None of 
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these assumptinos is justified, though for engines precisely alike 
in all respects the above is true. It may be approximately true 
for different sizes of engines of the same kind. Sometimes it is 
convenient to have the fly-wheel weight expressed as a function of 
indicated horse-power among other factors. This transformation 
is easily made from formula (305), since 



I.U.K = ^^ (308) 

2X33000 ^*^ 



for 71 cylinders, each single-acting and working four-cycle, whence 



66000XI.H.P. , , 

PLati j^ (309) 



Substitution gives 



11761 X66000XLH.P. XR/ 

KDn^N^ , . . . (310) 



RJ 
«776226ooo^^-2^3l.H.P.; .... (311) 



in terms of R.P.M, or partly in terms of linear velocities 



2125 200 Jg/ 
V^KN~^ ^3^3) 

131. Changes in Fluctuation Coefficient with Conditions. — 

Values of i?, for a number of different conditions, though by no 
means all, have been found and given belov/. 
Giildner gives 

22.-C(o.7S + C)i (314) 
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in which ^ ==0.30 for most engines and C has the following values 
by which R^ can be found. 



Two- 


Four- 




Two- 


Four- 




cycle. 


cycle 




cycle. 


cycle. 


Cni{ine. 


c 


C 


(0.7S + C) 


R. 


R. 




1.0 


.40 


1.05 


1.05 


.42 


One-cylinder single-acting 


.615 


.11 




.646 


.116 


' ' double-acting 


.40 


.40 


it 


.42 


.42 


Two-cylinder tandem-acting 


•645 


.085 


tt 


.678 


.89 


** opposed, one crank 


.40 


.40 


ti 


.42 


.42 


" "two cranks. 


.645 


.085 


(< 


.678 


.89 


set at 360° 



These values are a little too general, that is, they do not fit the 
great variety of conditions met with in practice, nor is the effect of 
inertia negligible except in the low- and medium-powered stationary 
engines of low weight of parts and low speeds, producing inertia 
pressures from 15 to 50 lbs. maximum initial values, as will be seen 
from an examination of the following values of i?,. 



R< for cylinders i to 8 with phase difference 



720® 



Cylinder four-cycle single-act- 



ing, on carbureted water-gas with compression of 70 lbs. above atmosphere 
and maximum pressure 240 lbs. per square inch above atmosphere. 



/?.= 



JE 
PLa 



I. Maximum inertia pressure = 25 lbs. j^r square inch. 



I 23456 


8 


1.04 .85 .66 .25 .36 .21 


•15 


II. Maximum inertia pressure = 50 lbs. per square inch. 




I 23456 


8 


1.02 .82 .65 .21 .30 .18 


•13 


III. Maximum inertia pressure^ 100 lbs. per square inch. 




I 23456 


8 


I. 01 .79 .67 .64 .33 .18 


.14 
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720** 
Rt for cylinders i to 8 with phase difference - — . Cylinder four-cycle single-act- 
ing, on carbureted water-gas; compre88ion»65lbs. per square inch above 
atmosphere; maximum pressure- 180. 



L Maximum inertia pressure— 15 lbs. per square inch. 



I 


2 


3 


4 


S 


6 


8 


99 


.77 


.60 


.26 


•32 


.16 


.IX 



II. Maximum inertia pressure— 84 lbs. per square inch. 



X 


2 


3 


4 


5 


6 


8 


.98 


.91 


.62 


.64 


.27 


•13 


.11 



III. Maximtmi inertia pressure— 207 lbs. per square inch. 



X 


2 


3 


4 


S 


6 


8 


x.oo 


1. 6s 


.70 


2.02 


.29 


.56 


.09 



720® 

R« for cylinders i to 8 with phase difference - — . Cylinder four-cycle, single- 
acting on Taylor producer-gas; compression 90 lbs. per square inch above 
atmosphere; maximum pressure X83 lbs. per square inch above atmosphere. 

^' PLa 
L Maximum initial inertia pressure— 15 lbs. per square inch. 



X 


2 


3 


4 


5 


6 


8 


x.oo 


•94 


•73 


.28 


.37 


.19 


•17 



II. Maximum initial inertia pressure « 80 lbs. per square inch. 



x 

x.oo 


2 
1.08 


3 
.64 


4 
1.09 


5 
•33 


. 6 
.22 




8 
13 


III. Maximum initial inertia 


pressure - 


■ 207 lbs. 


per square 


inch 


. 


1 
1.08 


2 
2.00 


3 
•76 


4 
2.90 


S 
.18 


6 
.16 




8 
■ 14 
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132. Coefficient of Speed Fluctuation. — Values of the coefl5cient 
of unsteadiness or speed-fluctuation coefficient will depend on the 
service to be performed and the necessary constancy of angular 
velocity. The most severe requirement is that for engines driving 
alternators in parallel; the least, that for automobile and boat 
engines. Automobile •engines when in gear with the vehicle have 
the whole inertia of the vehicle acting as fly-wheel, and require only 
sufficient fly-wheel proper to help in starting and to keep up the 
motion when running with gears unmeshed and at low speeds with 
closed throttle. The weight required is least when four cylinders 
work on a phase difference of 90°, and is greatest with a single 
cylinder. 

Boat engines act against a practically constant screw-propeller 
resistance, and require only sufficient fly-wheel to help start or keep 
up motion when out of gear, and for four or more cylinders this may 
be nothing at all if the cranks and counterweights are heavy, as 
these may furnish energy enough for carrying the motion past the 
end of stroke when the turning force due to terminal pressures is 
less than the resistance. With early ignition and properly adjusted 
inertia no fly-wheel need be used. 

When the fly-wheel has only such service as the above to per- 
form it is most convenient to give the weight necessary as Wi pounds 
per I.H.P. for the different combination of cylinders. 

From formula (311) this weight is found by making I.H.P. =1. 

776226000/?/ 

^1 KDm^~' (315) 



at a speed N, or energy per I.H.P. is , and can be found from 



2125200 Jg/ 66000 X^Jg«^ 



givmg 



WV^ MV^ R ' 

— ^=33000 ^foot-pounds • . . (316) 
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per I.H.P. at the speed iV, or 

16.5^]^ (317) 

foot-tons per I.H.P. at speed N. 

For large electric drives, such as alternators in central stations, 
from one to three foot-tons of fly-wheel energy per I.H.P. are provided, 
and this is greater than for any other service. 

133. Limiting Diameter of Fly-wheels. — ^There is no- limit to 
the diameter of a fly-wheel, except a certain maximum beyond 
which the centrifugal forces in the rim set up bursting pressures 
greater than the metal of the rim can resist. 

The centrifugal force of the rotating masses acts on the rim just 
as do internal pressures in a cylinder; but the rim is not free as in 
that case, since it is fastened by arms to a hub. Neglecting spokes, 
the force per foot of length tending to part a rim along a diameter 

2WV^ 

is F=—jz — pounds, where w= weight of rim per foot of length. 

This is resisted by the tension T in the rim on twice the cross-section, 
a„ giving 

Ttu = lbs. per sq. in (318) 

Ttt, =0.00002947^ for wrought steel, 
Tw =0.000027072 ** cast iron. 

From this the safe rim speed at which a wheel may run is, neg- 
lecting other stresses. 






^ . (319) 



and the safe R.P.M. is 

icDN 



60 -^- 
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60V 
iV« ^jy^ , or the largest diameter for N R.P.M. is 

^-^idT (320) 

This is not correct, because there are other stresses acting, which 
are: 

1°. Initial internal cooling stresses and unknown. 

2°. A bending of the rim between arms. 

3®. Tension in the arms. 

4®. Bending in the arms when speed changes. 

5°. Shear in arms and at hub and rim when speed changes. 

To simplify the question experiments on bursting of wheels 
of various forms were made by Prof. Benjamin, and the safe run 
velocity determined for each case of solid or built-up wheel, as well 
as the nature and phase of fracture. It was found that solid-rim 
wheels were safest and would rupture at speeds of 350 to 400 feet 
per second. Stresses due to bending are negligible. Jointing the 
arms at the rim and bracing rims by internal rims have no impor- 
tant effect on strength. Great weakness results from rim joints, 
which are at best seldom more than one-third as strong as the rim 
itself. 

The Fidelity and Casualty Company, which insures fly-wheels, 
gives as a safe speed 



^=i.6Y 



w^ (321) 

where W= weight of one cubic inch of material in the rim. 

From a knowledge of the energy per horse-power needed and 
the safe speed of the mean rim the wheel must be designed, that 
is, its external and internal diameters and width must be deter- 
mined. This is a matter for which no rule is given, as the result 
is not dependent on proportions. Hubs and spokes are to be made 
as in steam-work. 

134. Wheel-rims. — ^A convenient table for the energy of wheels 
of different rims is given by M. E. T. Briggs in "American 
Machinist." 

Then, given the energy, the ouLside diameter being fixed by 
the speed, and width of rim being determined by considerations 
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of design, the inside diameter can easily be found; thus 

E 



r^-(R)-- 



(322) 



cibiN^' 

where £ is the total energy and c the constant given in the table. 
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135. Values of Speed-fluctuation Coefficients Practised. — ^The 
vdue of K may be taken as: 

K Class of engine by service; 

0.08 Poor regulation and light wheel; 

0.04 Shop drives; 

0.C09 Close regulation shop drives and fair electric drives; 

0.005 Good electric drives; 

0.003 to 0.0005 Alternators in parallel; 

0.002 Average alternators in parallel. 
For direct-connected alternators working in parallel the value 
of K will depend on the dynamo, and specifications will usually be 
furnished by the dynamo-builder, to be met by the engine-builder 
or arranged by conference. 

When stated, this specification will limit the angular lag or advance 
of the actual wheel from the position of an absolutely imiformly 
moving imaginary wheel. The total angular variation is then 
twice the lag angle allowed on the mean diameter circle, and gives 
so many feet per second variation permitted from uniformity, from 
which jK^ is to be determined. 

136. Coefficients for Close-regulating Steam-engines. — ^It is 
interesting to compare the results given for gas-engines with those 
of some large steam-engines on electric-light or traction loads. The 
following table by Mr. A. Marshall Douine is presented for this 
purpose. 
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AYRTON, W. E., M.I.C.E. Practical Electricity. A Labo- 
ratory and Lecture Courae for the fixst-year students of Electrical 
Engineering, based on the International Definitions of the Electri- 
cal Units. Vol. I, Current, Pressure^ Resistance, Energy, Power, 
and Cells. Completely rewritten and containing many figures 
and diagrams. 12mo, cloth S2.00 

BACON, F. W. A Treatise on the Richards Steam-engine 
Indicator, with directions for its use. By Charles T. Porter. 
Revised, with notes and large additions as developed by American 
practice; with an appendix dontainin^ useful formulae and rules 
for engineers. Illustrated. Fourth Edition. 12mo, cloth. . $1.00 

BADT, F. B. New Dynamo Tender's Handbook. With 
140 illustrations. 16mo, cloth $1 .00 

Bell-hangers' Handbook. With 97 illustrations. 

Second Edition. 16mo, cloth SI .00 

Incandescent Wiring Handbook. With 35 illustra- 
tions and 5 tables. Fifth Edition. 16mo, cloth $1 .00 

Electric Transmission Handbook. With 22 illus- 
trations and 27 tables. 16mo, cloth $1 . 00 

BAKER, Arthur L., Prof. (Uniy. of Rochester). Quater- 
nions In Press. 

BAKER, M. N. Potable Water and Methods of Detect- 
ing Impurities. 16mo, cloth. (Van Nostrand^s Science Series) . 50 

BALCH, G. T., Col. Methods of Teaching Patriotism 

in the Public Schools. 8vo, cloth SI .00 

BALE, M. P. Pumps and Pumping. A Handbook for 

Pump Users. 12mo, cloth $1 . 50 

BARBA, J. The Use of Steel for Constructiye Purposes. 

Method of Working, Applying and Testing Plates and Bars. 
With a Preface by A. L. Holley, C.E. 12mo, cloth $1 .50 

BARSLER, A. H. Graphic Methods of Engine Design. 

Including a Graphical Treatment of the Balancing of Engines. 
12mo, cloth $1.50 



BARNARD, F. A. P. Report on Machinery and Pro- 
cesses of the Industrial Arts and Apparatus of the Exact S^ences 
at the Paris Universal Exposition, 1867. 162 illustrations and 
8 folding plates. 8vo, cloth S6.00 
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BARNARD^ J. H. The Naval Militiaman's Guide. Full 

leather, pocket size $1 . 25 

BARRUS, 6. H. Boiler Tests: Embracing the Results 

of one hundred and thirty-seven evaporative tests, made on 
seventy-one boilers, conducted by the author. 8vo, cloth. $3.00 

Engine Tests: Embracing the Results of over one 

hundred feed-water tests and other investigations of various 
kinds of steam-engines, conducted by the author. With numer- 
ous figures, tables, and diagrams. 8vo, cloth, illustrated. . $4.00 
The two books sent prepaid for $6. 00 

BARWISE, S., M.D. (London). The Purification of 

Sewage. Being a brief account of the Scientific Principles of 
Sewage Purification and their Practical Application. 12mo, 
cloth, illustrated $2.00 

The Bacterial Purification of Sewage. Being a 

Practical Account of the Various Modem Biological Methods of 
Purifying Sewage. With plates and diagrams. 8vo, cloth, 
illustrated net, $2.50 

BAUER'S Marine Engines and Boilers In Press, 

BAUMEISTER, R. The Cleaning and Sewerage of Cites. 

Adapted from the German with permission of the author. By 
J. M. Goodell, C.E. Second Edition, revised and corrected, to- 
gether with an additional appendix, 8vo, doth, illustrated . $2 . 00 

BEAUMONT, R. Color in Woven Design. With 32 
colored plates and numerous original illustrations. Large, 
12mo $7.50 

BEECH, F. Dyeing of Cotton Fabrics. A Practical 

Handbook for the Dyer and Student: Containing numerous 
recipes for the production of Cotton Fabrics of all kinds, of a great 
ranee of colors, thus making it of ^reat service in the dye-house, 
whUe to the student it is of value m that the scientific principles 
which underlie the operations of dyeing are clearly laid down. 
With 44 illustrations of Bleaching and Dyeing Machinery. 8vo, 
cloth, illustrated ne/, $3.00 

Dyeing of Woolen Fabrics. With diagrams and 

figures. 8vo, cloth, illustrated net, $3 .60 

BECKWITHy A. Pottery. Observations on the Materials 

and Manufacture of Terra-cotta, Stoneware, Firebrick, Porce- 
lain, Earthenware, Brick, Majolica, and Encaustic TUes. Second 
Edition, 8vo, paper 60 
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BEGTRUPi J.. M.E. The Slide Valve and its Functions. 

With Special Reference to Modem Practice in the United States. 
With numerous dia^granus and figures. 8vo, cloth $2.00 

BERIfTHSEN, A. A Text-book of Organic Chemistry. 

Translated by George M'Gowan, Ph.D. Fourth English Edition, 
revised and extended by author and translator. Illustrated. 
12mo, cloth $2.50 

BERSCH, J.y Dr. Manufacture of Mineral and Lake 

Pigments. Containing directions for the manufacture of all 
artificial artists' and painters' colors, enamel colors, soot and 
metallic pigments. A text-book for Manufacturers, Merchants, 
Artists and Painters. Translated from the second revised edition 
by Arthur C. Wright, M.A. 8vo, cloth, illustrated net, $5.00 

BERTINy L. E. Marine Boilers: Their Construction and 

Working, dealing more especially with Tubulous Boilers. Trans- 
lated by Leslie S. Robertson, Assoc. M. Inst. C.E., M. I. Mech. E., 
M.I.N.A., containing upward of 260 illustrations. Preface by 
Sir William White, K.Cf.B., F.R.S., Director of Naval Construc- 
tion to the Admiralty, and Assistant Controller of the Navy. 
New and Revised Edition. 8vo, cloth, illustrated $7.50 

BIGGS, C. H. W. First Principles of Electricity and 
Magnetism. A book for beginners in practical work, containing 
a good deal of useful information not usually to be found in 
similar books. With numerous tables and 343 diagrams and 
figures. 12mo, cloth, illustrated $2.00 

BINNS, C. F. Ceramic Technology. Being Some Aspects 

of Technical Science as applied to Pottery Manufacture. Svo, 
cloth net, $6.00 

Manual of Practical Potting. Compiled by Experts. 

Third Edition, revised and enlarged. 8vo, cloth net, $7 . 50 

BIRCHMOREy W. H., Dr. How to Use a Gas Analysis. 

12mo, doth, illustrated In Press. 

BLAKEy W. P. Report upon the Precious Metals. Being 

Statistical Notices of the Principal Gold and Silver producing 
regions of the world, represented at the Paris Universal Exposi- 
tion. 8vo, cloth $2.00 

BLAKESLEY, T. H. Alternating Cur.ents of Electricity. 

For the use of Students and Engineers. Third Edition, enlarged. 
12mo, cloth $1 .50 
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BLYTH, A. W.y M.R.C.S., F.C.S. Foods: Their Com- 
position and Analysis. A Manual for the use of Analytical 
Chemists, with an Introductory Essa^ on the History of Adultera- 
tions. With numerous tables and illustrations. Fifth Edition, 
thoroughly revised^ enlarged and rewritten. 8vo, cloth 17.50 

Poisons: Their Effects and Detection. A Manual 

for the use of Analytical Chemists and Experts, with an Intro- 
ductory Essay on the Growth of Modem Toxicology. Third 
' Edition^ revised and enlarged, 8vo, cloth $7 . 50 

BODMER, 6. R. Hydraulic Motors and Turbines. For 

the use of Engineers, Manufacturers and Students. Third Edi- 
tion, revised and enlarged. With 192 illustrations. 12mo, 
cloth 15.00 

BOILEAU, J. T. A New and Complete Set of Traverse 

Tables, showing the Difference of Latitude and Departure of 
every minute of the Quadrant and to five places of decimals. 
8vo, cloth 15.00 

BONNEY, 6. E. The Electro-platers' Handbook. A 

Manual for Amateurs and Young Students of Electro-metallurgv. 
60 illustrations. 12mo, cloth $1 .20 

BOTTONE, S. R. Electrical Instrument Making for 

Amateurs. A Practical Handbook. With 48 Illustrations. 
Fifth Edition, revised, 12mo, cloth 50 

Electric Bells, and All About Them. A Practical 

Book for Practical Men. With more than 100 Illustrations. 
Fourth Edition, revised and enlarged, 12mo, cloth 50 

Electro-motors: How Made and How Used. A 

Handbook for Amateurs and Practical Men. Second Edition. 
12mo, cloth 75 

BOURRY, E. Treatise on Ceramic Industries. A Complete 

Manual for Pottery, Tile and Brick Works. Translated from 
the French bv Wilton P. Rix. With 323 figures and illustrations. 
8vo, doth, illustrated net,$S.&Q 

BOWy R. H. A Treatise on Bradnsr. With its applica- 
tion to Bridges and other Structures of Wood or Iron. 156 illus- 
trations. 8vo, cloth SI . 50 

BOWIE, AUG. J.y Jr., MJB. A Practical Treatise on 

Hydraulic Mining in California. With Description of the Use 
and Construction of Ditches, Flumes, Wrought-iron Pipes and 
Dams; Flow of Water on Heavy Grades, and its Applicability, 
under High Pressure, to Mining. Ninth Edition. Small quarto, 
cloth, mustrated $5.00 
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BOWKER, Wm. R. Dynamo, Motor and~ Switchboard 

Circuits. For Electrical Engineers. A practical book, dealing 
with the subject of Direct, Alternating, and Polyphase Currents. 
With over 100 diagrams and engravings. 8vo, cloth. . nel, $2.25 

BOWSER, E. A., Prof. An Elementary Treatise on 

Analytic Geometry. Embracing Plaice Geometry, and an Intro- 
duction to Geometry of three Dimensions. Twenty^first Edition. 
12mo, cloth $1 .75 

An Elementary Treatise on the Differential and 

Integral Calculus. With numerous examples. TwefUidh Edition. 
12mo, cloth $2.25 

An Elementary Treatise on Analytic Mechanics. With 

numerous examples. Sixteenth Edition. 12mo, cloth $3.00 

An Elementary Treatise on Hydro-mechanics. With 

numerous examples. Fifth Edition. 12mo, cloth $2 . 50 

A Treatise on Roofs and Bridges. With Numerous 

Exercises, especially adapted for school use. 12mo, cloth. 
Illustrated net, $2.25 

BRASSEY'S Naval Annual for 1904. Edited by T. A. 

Brassey. With numerous full-page diagrams, half-tone illustra- 
tions and tables. Eighteenth year of publication. 8vo, cloth, 
illustrated net, $6.00 

BRAUN, E. The Baker's Book: A Practical Handbook 

of the Baking Industry in all Countries. Profusely illustrated 
with diagrams, engravings, and full-pag;e colored plates. Trans- 
lated into English and edited by Eiml Braim. Vol. I., 8vo, 

cloth, illustrated, 308 pages $2.50 

Vol. II. 363 pages, illustrated $2.50 

British Standard Sections. Issued by the Engineering 

Standards Committee, Supported by The Institution of Civil 
Engineers, The Institution of Mechanical Engineers, The Institu- 
tion of Naval Architects, The Iron and Sted Institute, and The 
Institution of Electrical Engineers. Comprising 9 plates of 
diagrams, with letter-press and tables. Oblong pamphlet, 
8}X 15 $1 .00 

BROWN, WM. N. The Art of Enamelling on Metal. With 

figures and illustrations. 12mo, cloth, illustrated net, $1 . 00 

Handbook on Japanning and Enamelling, for Cycles, 

Bedsteads, Tinware, etc. 12mo, cloth, illustrated net, $1 . 50 
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BROWN, WM. N. House Decorating and Painting. With 
Numerous illustrations. 12mo, cloth net, II . 50 

History of Decorative Art. With Designs and Illus- 
trations. 12mo, cloth netf $1 . 25 

Principle and Practice of Dipping, Burnishing, Lac- 
quering and Bronzing Brass Ware. 12mo, cloth net, $1 . 00 

' Workshop Wrinkles for Decorators, Painters, Paper- 

Hangers and Others. 8vo, cloth net, SI .00 

BUCHANAN, E. E. Tables of Squares. Containing the 

s<]uare of every foot, inch, and sixteenth of an inch, between one 
sixteenth of an inch and fifty feet. For Engineers and Calcu- 
lators. 16mo, oblong, cloth $1 .00 

BURGH, N. P. Modem Marine Engineering, Applied to 

Paddle and Screw Propulsion. Consisting of 36 colored plates, 
259 practical woodcut dlustrations and 403 pages of descriptive 
matter. The whole being an exposition of the present practice 
of James Watt & Co., J. & G. Rennie, R. Napier & Sons, and 
other celebrated firms. Thick quarto, half morocco $10 . 00 

BURT, W. A. Key to the Solar Compass, and Surveyor's 

Companion. Comprising all the rules necessary for use in the 
field; also description of the Linear Surveys and Public Land 
System of the United States, Notes on the Barometer, Sugges- 
tions for an Outfit for a Survey of Four Months, etc. Seventh 
EdiHan, Pocket size, full leather $2.50 

CAMPnf, F. On the Construction of Iron Roofs. A 

Theoretical and Practical Treatise, with woodcuts and plates of 
roofs recently executed. 8vo, cloth $2 . 00 

CARTER, E. T. Motive Power and Gearing for Elec- 
trical Machinery. A treatise on the Theory and Practice of the 
Mechanical Equipment of Power Stations for Electrical Supply 
and for Electric Traction. 8vo, cloth, illustrated $6 . 00 

CATHCART, WM. L., Prof. Machine Design. Part I. 

Fastenings. 8vo, cloth, illustrated net, $3 .00 

and CHAFFEE, J. I. Course of Graphic Statics Applied 

to Mechanical Engineering In Press* 

CHAMBER'S MATHEMATICAL TABLES, consisting of 
Logarithms of Numbers 1 to 108,000, Trigonometrical, Nautical 
and other Tables. New Edition. 8vo, cloth $1 . 76 
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CHARPENTDSR. P. Umber. A Comprehensive Study 

of Wood in all its Aflpecte, Commercial and Botanical. Show- 
ing the Different Applications and Uses of Timber in Various 
Trades, etc. Translated into English. 8vo, cloth, illus.. .n«^, $6.00 

CHAUVENET, W., Prof. New Method of Correcting 

Lunar Distances, and Improved Method of Finding the Error 
and Rate of a Chronometer, by Equal Altitudes. 8vo, cloth. $2 . 00 

CHILD, C. T. The How and Why of Electricity. A 

Book of Information for non-technical readers, treatins of the 
Properties of Electricity, and how it is generated, handled, con- 
trolled, measured and set to work. Also explaining the opera- 
tion of Electrical Apparatus. 8vo, cloth, illustrated $1 .00 

CHRISTIE, W. W. Chimney Design and Theory. A 

Book for Engineers and Architects, with numerous half-tone 
illustrations and plates of famous chimneys. Second Edition, 
revised. 8vo, cloth $3 .00 

Furnace Draft : its Production by Mechanical Methods. 

A Handy Reference Book, with figures and tables. 16mo, limp 
cloth, illustrated 50 

Boiler-waters, Scale, Corrosion, Foaming In Press. 

CLAPPERTON, 6. Practical Paper-making. A Manual 

for Paper-makers and Owners and Managers of Paper Mills, to 
which is appended useful tables, calculations, data, etc., with 
illustrations reproduced from micro-photographs. 12mo, cloth, 
illustrated 12.50 

CLARK, D. K., C.E. A Manual of Rules, Tables and 

Data for Mechanical En^neers. Based on the most recent inves- 
tigations. Illustrated with numerous diagrams. 1012 pages. 8vo, 

cloth. Sixth Edition $5.00 

Half morocco S7 . 50 

Fuel: its Combustion and Economy; consisting of 

abridgments of Treatise on the Combustion of Coal. By C. W. 
Williams, and the Economy of Fuel, by T. S. Prideaux. With 
extensive additions in recent practice in the Combustion and 
Econonay of Fuel, Coal, Coke, Wood, Peat, Petroleum, etc. 
Fourth Edition. 12mo, cloth $1 .50 

The Mechanical Engineer's Pocket-book of Tables, 

Formulie, Rules and Data. A Handy Book of Reference for 
Daily Use in Engineering Practice. 16mo, morocco. Fifth 
Edition, carefully revised throughout S3 . 00 
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CLARK, D. K.y C.E. Tnunways: Their Construction and 

Working. Embracing a comprehensive history of the system, with 
accounts of the various modes of traction, a description of the 
varieties of rolling stock, and ample details of Cost and Workins 
Expenses. Second Edition, rewritten and greaUy enlarged, unth 
upwards of 400 tUuetrations, Thick 8vo, cloth $9 .00 

CLARK, J. M. New System of Laying Out Railway Turn- 
outs instantly, by inspection from tables. 12mo, cloth. . . $1 .00 

CLAUSEN-THITE, W. The ABC Universal Commercial 
Electric Telegraphic Code; specially adapted for the use of 
Financiers, Merchants, Ship-owners, Brokers, Agents, etc. Fourth 

Edition, 8vo, cloth $5.00 

Fifth Edition of same $7.00 

The A 1 Universal Commercial Electric Telegraphic 

Code. Over 1240 pages and nearly 90,000 variations. 8vo, 
cloth $7.50 

CLEEMANNy T. M. The Railroad Engineer's Practice. 

Being a Short but Complete Description of the Duties of the 
Yoimg Engineer in Preliminary ana Location Surveys and in 
Construction. Fourth Edition, revised and enlarged. Illustrated. 
12mo, cloth $1 .60 

CLEVEN6ER, S. R. A Treatise on the Method of Gov- 
ernment Surveying as prescribed by the U. S. Congress and Com- 
missioner of the Genend Land Office, with complete Mathemati- 
cal, Astronomical, and Practical Instructions for the use of the 
United States Surveyors in the field. Idmo, morocco $2 . 5o 

CLOUTH, F. Rubber, Gutta-Percha, and Balata. First 

English Translation with Additions and Emendations by the 
Author. With nimierous figures, tables, diagrams, and folding 
plates. 8vo, cloth, illustrated net, $5.00 

COFFINy J. H. C.y Prof. Navigation and Nautical Astron- 
omy. Prepared for the use of the U. S. Naval Academy. New 
Edition, Revised by Conunander Charles Belknap. 52 woodcut 
illustrations. 12mo, cloth net, $3 . 50 

COLE, R. S.9 M.A. A Treatise on Photographic Optics. 

Being an accoimt of the Principles of Optics, so far as they apply 
to photography. 12mo, cloth, 103 illus. and folding plates. .$2.50 



COLLINS^ J. E. The Private Book of Useful Alloys and 
Memoranda for Goldsmiths, Jewelers, etc. 18mo, cloth 50 



Digitized by V^OOQIC 



12 D. VAN NOSTRAND COMPANY'S 

COREY. Water-supply Engineering. Fully illustrated. 

8vo, cloth In PresSf 

COOPER^ W. R., M.A. Primary Batteries: Their Con- 
struction and Use. With numerous figures and diagrams. 8vo, 
cloth, illustrated nel,$4.00 

CORNWALL, H. B., Prof. Manual of Blow-pipe Analysis, 

Qualitative and Quantitative. With a Complete System of 
Determinative Mineralogy. 8vo, cloth, with many illustra- 
tions S2.50 

COWELL, W. B. Pure Air, Ozone and Water. A Prac- 
tical Treatise of their Utilization and Value in Oil, Grease, Soap. 
Paint, Glue and other Industries. With tables and figures. 
12mo, doth, illustrated net, $2 . 00 

CRAIG, B. F. Weights and Measures. An Account of 

the Decimal System, with Tables of Conversion for Commercial 
and Scientific Uses. Square 32mo, limp cloth 50 

CROCKER, F. B., Prof. Electric Lighting. A Practical 

Exposition of the Art. For use of Engineers, Students, and 
others interested in the Installation or Operation of Electrical 
Plants. Vol. I. The Generating Plant. New Edition ^ thoroughly 

revised and rexoritten. 8vo, clotn, illustrated In Press. 

Vol. II. Distributing Systems and Lamps. Second Edition. Svo, 
cloth, illustrated $3 . 00 

and WHEELER, S. S. The Practical Management 

of Dynamos and Motors. Fifth Edition {Sixteenth Thousand) , re- 
vised and enlarged. With a special chapter by H. A. Foster. 
12mo, cloth, illustrated $1 .00 

CROSSKEY, L. R. Elementaiy Perspective: Arranged to 

meet the requirements of Architects and Draughtsmen, and of 
Art Students preparing for the elementary examination of the 
Science and Art Department, South Kensmgton. With numer- 
ous full-page plates and diagrams. Svo, cloth, illustrated . . II .00 

and THAW, J. Advanced Perspective, involving the 

Drawing of Objects when placed in Oblique Positions, Shrdows 
and Reflections. Arranged to meet the requirements of Archi- 
tects, Draughtsmen, and Students preparing for the Perspective 
Examination of the Education Department. With numerous full- 
page plates and diagrams. Svo. cloth, illustrated II . 50 

DAVIES, E. H. Machinery for Metalliferous Mines. 

A Practical Treatise for Mining Engineers, Metallurgists and 
Managers of Mines. With upwards of 400 illustrations. Second 
Edition, rewritten andenlarged, Svo, cloth net, $8.00 
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DAVIES9 D. C. A Treatise on Metalliferous Minerals and 

Ifining. Sixth EdiHan, thoroughly revised and much enlarged by his 
son. 8vo, cloth net, fo.00 



IQning Machineiy In. 

DAVISON, G. C, Lieut Water-tube Boilers In Press, 

DAY, C. The Indicator and its Diagrams. IWlth Chap- 
ters on Engine and Boiler Testing; including a Table of Piston 
Constants compiled by W. H. Fowler. 12mo, cloth. 125 illus- 
trations S2.00 

DE LA COUX, H. The Industrial Uses of Water. With 

numerous tables, figiu-es, and diagrams. Translated from the 
French and revised by Arthur Morris. 8vo, doth net, $4 . 50 

DENNY, 6. A. Deep-level Mines of the Rand, and their 

future development, considered from the commercial point of 
view. With folding plates, diagrams, and tables. 4to, cloth, 
illustrated net, $10.00 

DERR, W. L. Block Signal Operation. A Practical 

Manual. Pocket Size. Oblong, doth. Second Edition SI .50 

DIBDIN, W. J. Public Lighting by Gas and Electricity. 

With tables, diagrams, engravings and full-page plates. 8vo, 
cloth, illustrated net, 18.00 

Purification of Sewage and Water. With tables, 

engravings, and folding plates Third Edition, revised and 
enlarged. 8vo, cloth, iUus. and numerous folding plates. ... $6.50 

DIETERICH, K. Analysis of Resins, Balsams, and Gum 

Resins: their Chemistry and Pharmacognosis. For the use of 
the Sdentific and Technical Research Chemist. With a Bibliog- 
raphy. Translated from the German, by Chas. Salter. 8vo. 
doth net,ta.00 

DIXON, D. B. The Machinist's and Steam Engineer's 

Practical Calculator. A Compilation of Useful Rules and Prob- 
lems arithmetically solved, together with General Information 
applicable to Shop-tools, Mill-gearing, Pulleys and Shafts, Steam- 
boilers and Engines. Embracing valuable Tables and Instruc- 
tion in Screw-cutting, Valve and Link Motion, etc. Third Edition. 
16mo, full morocco, pocket form $1 . 25. 

DOBLE, W. A. Power Plant Construction on the Pacific 

Coast In Press. 
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DODDy GEO. Dictionary of ManufactureSy Miiingy Ma- 
chinery, and the Industrial Arts. 12mo, cloth $1.50 

DORR, B. F. The Surveyor's Guide and Pocket Table- 
book. Fifth Edition^ thorouohly revised and greatly extended. 
With a second appendix up to date. 16mo, morocco flaps. . $2 . 00 

DRAPER, C. H. An Elementary Text-book of light, 

Heat and Sound, with Numerous Examples. Fourth Edition. 
12mo, cloth, illustrated $1 .00 

Heat and the Principles of Thermo-dynamics. With 

many illustrations and numerical examples. 12^o, cloth. . . $1 . 50 

DYSON, S. S. Practical Testing of Raw Materials. A 

Concise Handbook for Manufacturers, Merchants, and Users of 
Chemicals, Oils, Fuels, Gas Residuals and By-products, and 
Paper-making Materials, with Chapters on Water Analysis and 
the Testing of Trade Efliuents. 8vo, cloth, illustrations, 177 
pages neiy 15.00 

EDDY, H. T., Prof. Researches in Graphical Statics. 

Embracing New Constructions in Graphical Statics, a New General 
Method in Graphical Statics, and the Theory of Internal Stress 
in Graphical Statics. 8vo, cloth II . 50 

Maximum Stresses under Concentrated Loads. 

Treated graphically. Illustrated 8vo, cloth $1 . 50 

EISSLER, M. The Metallurgy of Gold. A Practical Treatise 

on the Metallurgical Treatment of Gold-bearing Ores, including 
the Processes of Concentration and Chlorination, and the Assay- 
ing, Melting and Refining of Gold. Fifth Edition^ revised and 
greatly enlarged. Over 300 illustrations and numerous folding 
plates. 8vo, cloth 17 . 50 

The Hydro-Metallurgy of Copper. Being an Account 

of processes adopted in the Hydro-metallurgical Treatment of 
Cupriferous Ores, including the Manufacture of Copper Vitriol. 
With chapters on the sources of supply of Copper and the Roasting 
of Copper Ores. With numerous diagrams and figures. 8vo. 
cloth, illustrated nety $4 . 50 

' The Metallurgy of Silver. A Practical Treatise on the 

Amalgamation, Roasting and Lixiviation of Silver Ores, including 
the Assaying, Melting and Refining of Silver Bullion. 124 
illustrations. Second £!dition, enlarged. 8vo, cloth $4.00 
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EISSLER, M. The Metallurgy of Argentiferous Lead. A 

Practioftl Treatise on the Smelting of Silver-Lead Ores and the Re- 
fining of Lead Bullion. Including Reports on Various Smelting 
Establishments and Descriptions of Modem Smelting Furnaces and 
Plants in Europe and America. With 183 illustrations. 8vo. 
cloth $5.00 

Cyanide Process for the Extraction of Gold and its 

Practical Application on the Witwatersrand Gold Fields in South 
Africa. Third EdUiorif revised and enlarged. Illustrations and 
folding plates. 8vo, cloth $3.00 

A Handbook on Modem Explosives. Being a Prac- 
tical Treatise on the Manufacture and Use of Dynamite, Gun- 
cotton, Nitroglycerine, and other Explosive Compounds, in- 
cluding the manufacture of Collodion-cotton, with chapters on 
Explosives in Practical Application. Second Edition^ enlarged 
vnth 150 tUustratume, 12mo, cloth $5.00 

ELIOT, C. W., and STORER, F. H. A Compendious 

Manual of Qualitative Chemical Analvsis. Revised with the co- 
operation of the authors, by Prof. William R. Nichols. Illus- 
trated. TwenUeth EdiHan, newly revised by Prof, W, B, Lindsay, 
12mo, cloth net,%l.2b 

ELLIOT, G. H., Ifaj. European Light-house Systems. 

Bein^ a Report of a Tour of Inspection made in 1873. 51 en- 
gravings and 21 woodcuts. 8vo, cloth $5. 00 

ERFURT, J. Dyeing of Paper Pulp. A Practical Treatise 

for the use of paper-makers, paper-stainers, students and others, 
With illustrations and 157 patterns of paper dyed in the pulp, 
with formulas for each, translated into En^ish and eaited, 
with additions, by Julius Hiibner, F.C.S. 8vo, doth, illus- 
trated n€^ $7.50 

EVERETT, J. D. Elementary Text-book of Physics. 

Illustrated. Seventh Edition, 12mo, cloth $1.50 

EWING, A. J.y Prof. The Magnetic Induction in Iron 

and other metals. Third Edition^ revised, 150 illustrations. 
8vo, cloth $4.00 

FAIRIE, J.y F.6.S. Notes on Lead Ores: Their Distribu- 
tion and Properties. 12mo, cloth $1 . 00 

Notes on Pottery Clays: The Distribution, Properties, 

Uses and AnalysiB of Ball Clays, China Clays and China Stone. 
With tables and formule. 12mo, cloth $1 . 50 
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FANMNGy J. T. A Practical treatise on Hydraulic and 

Water-supply Enginee^in£^ Relating to the Hydrology, Hydro- 
dynamics and Practical Construction of Water-works in North 
America. 180 illus. 8vo, cloth. Fifteenth Ediiion, revieed, eiv- 
larged, and new tabUs and iUustroHone added, 650 pp $5.00 

FAY, I. W. The Coal-tar Colors: Their Origin and Chem- 
istry. 8vo, cloth, illustrated Jn Preee. 

FISH, J. C. L. Lettering of Working Drawings. Thir- 
teen plates, with descriptive text. Oblong, 9 X 12}, boards . $1 . 00 

FISHER, H. K. C, and DARBY, W. C. Students' Guide 

to Submarine Cable Testing. Third {new and enlarged) Edi- 
Han. 8vo, cloth, illustrated $3 . 50 

FISHER, W. C. The Potentiometer and its Adjuncts. 

8vo, cloth S2.25 

FISKE, B. A., Lieut., n.S.N. Electricity in Theory and 

Practice ; or. The Elements of Electrical Engineering. Eighth 
Edition, 8vo, doth $2.50 

FLEISCmiAIfN, W. The Book of the Dairy. A Manual 

of the Science and Practice of Dairy Work* Translated from 
the German, by C. M. Aikman and R. Patrick Wright. 8vo, 
cloth $4.00 

FLEMING, J. A., Prof. The Alternate-current Trans- 
former in Theory and Practice. Vol. I., The Induction of Electric 
Currents; 611 paces. iSTew .^dt^ton, illustrated. 8vo, cloth, $5.00 
Vol. II., The Utilization of Induced Currents. Illustrated. 8vo, 
cloth $5.00 

Centenaxy of the Electrical Current, 1799-1899. 

8vo, paper, illustrated 50 

Electric Lamps and Electric Lighting. Being a 

course of four lectures delivered at the Royal Institution, April- 
May, 1894. 8vo, cloth, fully illustrated $3 .00 

Electrical Laboratory Notes anl Forms, Elementary 

and Advanced. 4to, cloth, illustrated $5.00 

A Handbook for the Electrical Laboratory and Test- 
ing Room. 2 volumes. 8vo, cloth each $5.00 

FLEURY, H. The Calculus Without Limits or Infinitesi- 
mals. Translated by C. O. Mailloux In Preee. 
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FOLEY, W., and PRAY, THOS., Jr. The Mechanical 

Enginoers' Reference Book for Machine and Boiler Construction, 
in two parts. Part 1 — General Engineering Data. Part 2— 
Boiler Construction. With 51 plates and numerous illustrations, 
specially drawn for this work. Folio, half morocco 125.00 

FORNEY, M. N. Catechism of the Locomotive. Second 

EdUion, revi9ed and enlarged. 46th thousand. 8vo, cloth . . $3 . 50 

FOSTER, J. 6., Gen., n.S.A. Submarine Blasting in 

Boston Harbor, Massachusetts. Removal of Tower and Corwin 
Rocks. Illustrated with 7 plates. 4to, cloth S3. 50 

FOSTER, H. A. Electrical Engineers' Pocket-book. With 

the Collaboration of Eminent Specialists. A handbook of useful 
data for Electricians and Electrical Ennneers. With innumer- 
able tables, diagrams, and figures. Third EdiHon, revieed 
Pocket size, full leather, 1000 pp ' 15.00 

FOSTER, J. Treatise on the Evaporation of Saccharine, 

Chemical and other Liquids by the Multiple System in Vacuum 
and Open Air. Third Edition. Diagrams and large plates. 
8vo, cloth S7.50 

FOX, WH., and THOMAS, C. W., M.E. A Practical 

Course in Mechanical Drawing. Second Edition, revised, 12mo, 
doth, with plates $1 .25 

FRAIfCIS, J. B., C.E. Lowell Hydraulic Experiments. 

Being a selection from experiments on Hydraulic Motors on 
the flow of Water over Weuw, in Open Canals of imiform rect- 
angular section, and through submeiged Orifices and diverging 
Tubes. Made at LoweU, Mass. Fourth Edition, revised and 
enlarged, with man^ new experiments, and illustrated with 23 
oopper-plate engravmgs. 4to, cloth $15. 00 

FULLER, G. W. Report on the Investigations into the 

Purification of the Ohio River Water at Louisville, Kentucky, 
made to the President and Directors of the Louisville Water 
Company. Published under agreement with the Directors. 
3 full-page plates. 4to, cloth net, $10.00 

FURMELL, J. Students' Manual of Paints, Colors, Oils 

and Varnishes. 8vo, cloth, illustrated net, $1 .00 

GARCEE, E., and FELLS, J. M. Factory Accounts: 
their princiFies and practice. A handbook for accountants and 
manufacturers, with appendices on the nomenclature of machine 
details, the rating of^ factories, fire and boiler insurance, the 
factory and workshop acts, etc., including also a large number 
of specimen rulings. Fifth Edition, revised and extended. 8vo, 
cloth, iU)i8trated S3. 00 
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OEIPEL, WM., and KILGOUR, M. H. A Pocket-book 

of Electrical Engineering Formuls. HIub. 18mo., mor. . .$3.00 

GERBER, N. Chemical and Physical Analysis of Milk, 

Condensed Milk, and Infants' Milk-food. 8vo, cloth $1 . 25 

GERHARD, WM. P. Sanitary Engineering. i2mo, 

cloth II .25 

GESCHWnn), L. Manufacture of Alum and Sulphates, 

and other Salts of Alumina and Iron; their uses and applications 
as mordants in dyeing and calico printing, and their other appli- 
cations in the Arts, Manufactures, Sanitary Engineering, Agri- 
culture and Horticulture. Translated from the French by 
Charles Salter. With tables, figures and diagrams. Svo, cloth, 
illustrated net, $5.00 

GE3BS, W. E. Lighting by Acetylene, Generators, Burners 

and Electric Furnaces. With 66 illustrations. Second Edition, 
revised. 12mo, cloth $1 . 50 

GILLMORE, Q. A., Gen. Treatise on Limes, Hydraulic 

Cements and Mortars. Papers on Practical Engineering, United 
States Engineer Department, No. 9, containing Reports of nu- 
merous Experiments conducted in New York City during the 
years 1858 to 1861, inclusive. With numerous ' illustrations. 
8vo, cloth $4.00 

Practical Treatise on the Construction of Roads, 

Streets and Pavements. Tenth Edition. With 70 Ulustrations 
12mo, cloth $2.00 

Report on Strength of the Building Stones in the 

United States, etc. Svo, illustrated, cloth $1 .00 

GOLDING, H. A. The Theta-Phi Diagram. Practically 

Applied to Steam, Gas, Oil and Air Engines. 12mo, cloth, 
illustrated n«/, $1 .25 

GOODEVE, T. M. A Text-book on the Steam-engine. 

With a Supplement on Gas-engines. Twelfth Edition, enlarged. 
143 illustrations. 12mo, cloth $2.00 

GORE, G., F.R.S. The Art of Electrolytic Separation of 

Metals, etc. (Theoretical and Practical.) Illustrated. Svo, 
cloth $3.50 

GOULD, E. S. The Arithmetic of the Steam-engine. 

8vo, cloth $1 .00 
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GOULDy E. S. Practical Hydrostatics aad Hydrostatic For- 
mulas. With numerous figtu^es and diagrams (Van No8trand*8 
Science Series^ No. 117.) 16mo, doth, illustrated, 114 pp.. . .50 

GRAY, J.y B.Sc. Electrical Influen e Machines: Thei» 

Historical Development, and Modem Forms» with instructions 
for making them. With numerous figures and diagrams. Second 
EdiHonf revieed and enlarged. 12mo, cloth, illus., ^6 pp $2.00 

GRIFFITHS, A. B., Ph.D. A Treati e on Manures, or 

the Philosophy of Maniuring. A Practical Handbook for the 
Agriculturist, Manufacturer, and Student. 12mo, cloth. . . $3.00 

Dental Metallurgy. A Manual for Students and 

Dentists. 8vo, doth, illustrated, 20S pp net, $3.50 

GROSS, E. Hops, in their Botanical, Agricultural and 

Technical Aspect, and as an article of Commerce. Translated 
from the German by Charles Salter. With tables, diagrams, 
and illustrations. 8vo, cloth, illustrated net, $4. 50 

GROVER, F. Practical Treatise on Modem Gas and 

Oil Engines. 8vo, cloth, illustrated $2.00 

GRUNER, A. Power-loom Weaving and Yam Number- 
ing, according to various systems, with conversion tables. An 
auxiliary and text-book for pupils of weaving schools, as well 
as for self-instruction, and for general use by those engaged in 
the weaving industry. Illustrated with colored diagrams. Svo, 
cloth n«t, $3.00 

GURDEN, R. L. Traverse Tables: Computed to Four- 

Elace Decimals for every single minute of angle up to 100 of 
distance. For the use of Surveyors and Engineers. New Edition, 
Folio, half morocco $7 . 60 

GDY, A. E. Experiments on the Flexure of Beams, 

Faulting in the Discovery of New Laws of Failure by Buckling. 
Reprinted from the '' American Machinist.'' With diagrams and 
folding plates. 8vo, cloth, illustrated, 122 pages net, $1 .25 

GUY, A. F. Electric Light and Power: Giving the Result 
of Practical Experience in Central-station Work. 8vo, cloth, 
illustrated $2.50 

HAEDER, H., C.E. A Handbook on the Steam-engine. 

With especial reference to small and medium-sized engines. For 
the use of Engine-makers, Mechanical Draughtsmen, Engineer- 
ing Students and Users of Steam Power. Translated from the 
German, with considerable additions and alterations, by H. H. 
P. Powles. Third English Edition, revieed. 8vo, cloth, illus- 
trated, 458 pages $3.00 
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HALL, W. S., Prof. Elements of the Differential and 

Integral Calculus. Foterih Edition, revised. 8vo, cloth, illus- 
trated net, $2.25 

< Descriptive Geometrv, with Numerous Problems and 

Practical Applications. Comprising an 8vo volume of 76 pages 

of text and a 4to atlas of 31 plates. 2 vols., cloth net, $3 . 50 

Postage, 0.32 

HALSEY, F. A. Slide-valve Gears. An Explanation of 

the Action and Construction of Plain and Cut-off SUde Valves. 
Illustrated. Seventh Edition. 12mo, cloth $1 . 50 

The Use of the Slide Rule. With illustrations and 

folding plates. Second Edition. 16mo, boards. (Van Nos- 
trand^s Science Series, No. 114.) 50 

The Locomotive Link Motion, with Diagrams and 

Tables. 8vo, cloth, illustrated $1 .00 

Worm and Spiral Gearing. Revised and Enlarged 

Edition. 16mo, cloth (Van Nostrand's Science Series, No. 116.) 
Illustrated 50 

The Metric Fallacy, and << The Metric Failure in 

the Textile Industry," by Samuel S. Dale. 8vo, cloth, illus- 
trated $1.00 

HAMILTON, W. 6. Useful Information for Railway 

Men. Tenth Edition, revised and enlarged. 562 pages, pocket 
form. Morocco, gilt $2.00 

HAMMER, W. J. Radium, and Other Radio-active Sub- 
stances; Polonium, Actinium and Thorium. With a considera- 
tion of Phosphorescent and Fluorescent Substances, the Proper- 
ties and Applications of Selenium, and the treatment of disease 
by the Ultra-Violet Light. Second Edition. With diagrams, 
engravings and photographic plates. 8vo, cloth, illustrated, 72 p., 

$1.00 

HAIfCOCK, H. Text-book of Mechanics and Hydro- 
statics, with over 500 diagrams. 8vo, cloth $1 .75 

HARRISON, W. B. The Mechanics' Tool-book. With 

Practical Rules and Suggestions for use of Machinists, Iron- 
workers and others. With^44 engravings. 12mo, cloth $1 .50 

HART, J. W. External Plumbing Work. A Treatise on 

Lead Work for Roofs. With numerous figures and diagrams. 
870 cloth, illustrated ne<, $3.0i 
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HART, J. W. Hints to Plumbers on Joint Wiping, Pipe 

Bending, and Lead BiimiKg. Containing 184 figures and dia- 
grams. Svo, cloth, illustrated net, $3 .00 

Principles of Hot-water Supply. With numerous 

illustrations. 8vo, cloth net, $3 .OQ 

Sanitary Plumbing and Drainage. With numerous 

diagrams and figures. Svo, cloth, illustrated net, $3.00 

HASKmS, C. H. The Galvanometer and its Uses. A 

Manual for Electricians and Students. Fourth Edition, 12mo, 
cloth $1 . 60 

HAXTFFy W. A. American Multiplier: Multiplications and 

Divisions of the largest numbers rapidly performed. With index 
giving the results instantly of all numbers to lOOOX 1000-1. 000^ 
000; also tables of circumferences and areas of circles. Cloth, 
ejX 16} $5.00 

HAUSBRAND, E. Drying by Means of Air and Steam* 

With explanations, formulas, and tables, for use in practi^-e. 
Translated from the German by A. C. Wright, M.A. 12mo, 
cloth, illustrated $2.00 

Evaporating, Condensing and CooUng Apparatus: 

Explanations, Formulce, and Tables for Use in Practice. Trans- 
lated from the Second Revised German Edition by A. C. Wright, 
M.A. With numerous figures, tables and diagrams. 8vo, cloth, 
. illustrated, 400 pages net, $5.00 

HAUSNERy A. Manufacture of Preserved Foods and 

Sweetmeats. A Handbook of all the Processes for the Preserva- 
tion of Flesh, Fruit, and Vegetables, and for the Preparation of 
Dried Fruit, Dried Vegetables, Marmalades, Fruit^syrups, and 
Fermented Beverages, and of all kinds of Candies, Candied Fruit, 
Sweetmeats, Rocks, Drops, Dragees, Pralines, etc. Translated 
from the Third Enlarged German Edition, by Arthur Morris and 
Herbert Robson, B.Sc. 8vo, cloth, illustrated net, $3.00 

HAWKE, W. H. The Premier Cipher Telegraphic Code, 

containing 100,000 Words and Phrases. The most complete and 
most useful general code yet published. 4to, cloth $5.00 

100,000 Words Supplement to the Premier Code. 

AU the words are selected from the official vocabulary. Oblons 
quarto, cloth $5.00 

HAWKINS, C. C, and WALLIS, F. The Dynamo: its 
Theory, Design, and Manufacture. 190 illustraiionB. 12mo, 
doth. $3.00 
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HATy A. Principles of Alternate-current Working, ixmo^ 

cloth, illustrated $2.00 

HEAP, D. P.y Major, U.SA. Electric 1 Appliances of 

the Present Day. Report of the Paris Electrical Ebcposition of 
l8ol. 250 illustrations. Svo, cloth $2.00 

HEAVISIDE, O. Electromagnetic Theory. 8yo, doth, 

two volumes each, $5.00 

HECK, R. C. H., Prof. (Lehigh UniTersity). The Steam- 
Engine. A text-book for Engineering Colleges In Press. 

HEERMANN, P. Dyers* Materials. An Introduction to 

the Examination, Valuation, and Application of the most impor- 
tant substances used in Dyeine, Pnnting, Bleaching and Finish- 
ing. Translated by Arthur C. Wright, M.A. 12mo, cloth, illus- 
trated ne«, $2 . 50 

HENRICI, O. Skeleton Structures, Applied to the Build- 
ing of Steel and Iron Bridges. 8vo, cloth, illustrated $1 . 50 

HERMANN. F. Painting on Glass and Porcelain and 

Enamel Painting. On the basis of Personal Practical Experience 
of the Condition of the Art up to date. Translated by Ch&ries 
Salter. Second greatly enlarged edition. 8vo, cloth, illustrated, 

tMrf,$3.50 

HERRMANN, 6. The Graphical Statics of Mechanism. 

A Guide for the Use of Machinists, Architects and Engineers; and 
also a Text-book for Technical Schools. Translatea and anno- 
tated by A. P. Smith, M.E. Fourth Edition. 12mo, cloth, 7 
folding plates $2.00 

HERZFELD, J., Dr. The Technical Testing of Yams and 

Textile Fabrics, with reference to official specifications. Trans- 
lated by Chas. Salter. With 69 illustrations. 8vo, cloth n«<, $3 . 50 

HEWSON, W. Principles and Practice of Embanking 

Lands from River Floods, as applied to the Lev^ of the Missis- 
sippi. Svo, cloth $2.00 

HTTX, J. W. The Purification of Public Water Supplies. 

Illustrated with valuable tables, diagrams, and cuts. Svo, 
cloth, 304 pages $3.0^ 

Interpretation of Water Analysis. i2mo, cloth. 

In Press. 
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HOBBSy W. R. P. The Arithmetic of Electrical Measure- 
ments, with numerous examples, fully worked. Revised by 
Richard Wormell, M.A. Ninth Edition. 12mo, cloth 50 

HOFF, WM. B., Com., U.S.N. The Avoidance of Collisions 

at Sea. 18mo, morocco 75 

HOLLETy A. L. Railway Practice. American and Euro- 
pean Railway Practice in the Economical Greneration of Steam, 
including the Materials and Construction of Coal-burning Boilers, 
Combustion, the Variable Blast, Vaporization, Circulation, Super- 
heating, Supplying and Heating Feed Water, etc., and the 
Adaptation ot Wood and Coke-burning Engines to Coal-burning; 
and in Permanent Way, including Roadbed, Sleepers, Rails, 
Joint Fastenings, Street Railways, etc. With 77 lithographed 
plates. Folio, cloth $12.00 

HOLliES, A. B. The Electric Light Popularly Explained. 

Fifth Edition, Illustrated. 12mo, paper 40 

HOPKINS, N. M. Model Engines and Small Boats. New 

Methods of Engine and Boiler Making, with a chapter on Ele- 
mentary Ship Design and Construction. 12mo, cloth $1 . 25 

HOUSTON, E. J., and EENNELLY, A. £. Algebra Made 

Easy. Being a clear explanation of the Mathematical FormulsB 
foiifid in Prof. Thompson's "Dynamo-electric Machinery and 
Polyphase Electric Currents. " With figures and examples. 8vo, 
clotk, illustrated 75 

The Interpretation of Mathematical Formula. With 

figures and examples. 8vo, cloth, illustrated $1 .25 

HOWARD, C. R. Earthwork Mensuration on the Basis 

of the Prismoidal Formulae. Containing Simple and Labor-saving 
Methods of obtaining Prismoidal Contents directly from End 
Areas. Illustrated by Examples and accompanied by Plain 
Rules for Practical Use. Illustrated. 8vo, cloth $1 . 50 

HOWORTH, J. Art of Repairing and Riveting Glass, 

China and Barthenware. Second Edition. 8vo, pamphlet, illus- 
trated net, SO. 50 

HITBBARD, E. The Utilization of Wood-waste. A Com- 

d|ete Account of the Most Advantageous Methods of Working Up 
Wood Refuse, especiaUy Sawdust, Exhausted Dye Woods and 
Tan as Fuel, as a Source of Chemical Products for Artificial Wood 
Compositions, Explosives, Manures, and many other Technical 
PurixMes. Translated from the German of the second revised 
and enlarged edition. 8vo, cloth, illustrated, 192 pages ..net, $2. SO 
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HUHBERi W., C.E. A Handy Book for the Calculation 

of Stnuna in Girders, and Similar Structures, and their Strength; 
consisting of Fonnulse and Corresponding Diagrams, with numer- 
ous detaUs for practical application, etc. Fourth Edition, 12mo, 
cloth $2.50 

HURST, 6. H.y F.C.S. Color. A Handbook of the Theory 

of Color. A practical work for the Artist, Art Student, Painter, 
Dyer and Calico Printer, and Others. Illustrated with 10 colored 
plates and 72 illustrations. 8vo, cloth net, $2 . 50 

Dictionary of Chemicals and Raw Products Used 

in the Manufacture of Paints, Colors, Varnishes and AUied Prep- 
arations. 8vo, cloth net, $3 .00 

Lubricating Oils, Fats and Greases: Their Origin, 

Preparation, Properties, Uses and Analysis. 313 pages, with 
65 illustrations. 8vo, doth net, $3 .00 

Soaps. A Practical Manual of the Manufacture of 

Domestic, Toilet and other Soaps. Illustrated with 66 engrav- 
ings. 8vo, cloth net, $5.00 

Textile Soaps and Oils: A Handbook on the Prepara- 
tion, Properties, and Analysis of the Soaps and Oils Used in 
Textile Manufacturing, Dyeing and Printing. With tables and 
illustrations. 8vo, cloth net, $2.50 

HUTCHINSON, W. B. Patents and How to Make Money 

out of Them. 12mo, cloth $1 .25 

HUTTON, W. S. Steam-boiler Construction. A Practical 

Handbook for Engineers, Boiler-makers and Steam-users. Con- 
taining a lar^e collection of rules and data relating to recent 
practice in the design, construction and working of all kinds 
of stationary, locomotive and marine steam-boilers. With up- 
wards of 540 illustrations. Fourth Edition, carefully revised and 
much enlarged. 8vo, cloth $6.00 

Practical Engineer's Handbook, comprising a Treatise 

on Modem Engines and Boilers, Marine, Locomotive and Station- 
ary. Fourth Edition, carefully reinsed, wUh additions. With 
upwards of 570 illustrations. 8vo, cloth $7 .00 

The Works' Manager's Han book of Modem Rulee, 

Tables and Data for Civil and Mechanical Engineers, Millwri^ghta 
and Boiler-makers, etc., etc. With upwards of 150 illustrations. 
Fifth Edition, carefully revised, with adcRiions. 8vo, doth. . . $6 . 00 

INGLEy H. Manual of Agricultural Chemistry. 8to, 

cloth, illustrated, 388 pages net, $3.00 
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imrufiS, C. H. Problems in Machine Design. For tlie 

use of Students, Drau^tsmen and othens. Second EdiHon, 12mo, 
doth net, $2.00 

Centrifugal Pumps, Turbines and Water Motors. In- 
cluding the Theory and Practice of Hydraulics. Third and enlarged 
edition. 12mo, cloth net, $2.00 

ISHERWOOD, B. F. Engineering Precedents for Steam 

Machinery. Arranged in the most practical and useful manner 
for Engineers. With illustrations. Two volumes in one. 8vo, 
doth $2.60 

JAMIESONy A.y C.E. A Text-book n Steam and Steam- 

enginee. SpeciaUy arranged for the use of Science and Art, City 
and Guilds of London Institute, and other Engineering Students. 
Thirteenth Edition. Illustrated. 12mo, cloth $3 . 00 

Elementary Manual on Steam and the Steam-engine. 

Specially arranged for the use of Flret-year Science and Art, City 
and Giulds of London Institute, and other Elementary Engineer^ 
ingStudents. Third Edition. 12mo, doth $1.50 

JARNETTAZ, E. A Guide to the Determination of Rocks: 

beinff an Introduction to Lithology. Translated from the French 
by G. W. Plympton, Professor 3f Physical Science at Brookl)m 
Pol3rtechnic Institute. 12mo, cloth $1 . 50 

JEHL, F., Mem. AJ.E.E. The Manufacture of Carbons 

for Electric Lighting and Other Purposes. A Practical Handbook, 
giving a complete description of the art of making carbons, electros, 
ete. The various gas generators and furnaces used in carbonizing, 
with a plan for a modd factory. Blustrated with numerous dia- 
grams, tables and folding plates. 8vo, cloth, illustrated $4 . 00 

JENNISON, F. H. The Manufacture of Lake Pigments 

from Artificial Colors. A useful handbook for color manufac- 
turers, dyers, color chemists, paint manufacturers, drysalters, 
wallpaper-makers, enamel and surface-paper makers. With 15 
plates illustrating the various methods and errors that arise in 
the different processes of production. 8vo, cloth net, $3. 00 

JOHNSON, W. McA. "The Metallui^y of Nickel." In Press. 

JOHNSTON, J. F. W., Prof., and CAMERON, Sir Chas. 

Elements of Agricultiutd Chemistry and Geology. Seventeenth 
Edition. 12mo, doth $2.60 

JONES, H. C. Outlines of Electrochemistry. With 

tables and diagrams. 4to, doth, illustrated $1 .50 
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JONES, M. W. The Testing and Valuation of Raw Mate- 
rials uaed in Paint and Color Manufacture. 1 2mo, cloth, .net, %2. 00 

JOYNSON, F. H. The Metals Used in Construction. 

Iron, Steel, Bessemer Metal, etc. Illustrated. 12mo, doth. . . .75 

Designing and Construction of Machine Gearing. 

Illustrated. 8vo, cloth $2.00 

J&PTNER, H. F. V. Siderology: The Science of Iron. 

(The Constitmtion of Iron Alloys and Iron.) Translated from 
the German. 8vo, cloth, 345 pages, illustrated net, $5 . 00 

KANSAS CITY BRIDGE, THE. With an Account of 

the Regimen of the Missouri River and a Description of the 
Methods used for Founding in that River, by O. Chanute, Chief 
Engineer, and Geor^ Morison, Assistant Engineer. Illustrated 
with 6 lithographic views and 1 2 plates of plans. 4to, doth. $6 . 00 

KAPP, G., C.E. Electric Transmission of Enei^ and 

its Transformation, Subdivision and Distribution. A practical 
handbook. Fourth Edition, revised, 12mo, cloth $3 .50 

Dynamos, Motors, Alternators and Rotary Con- 
verters. Translated from the third Oerman edition, by Harold 
H. Simmons, A.M.I.E.E. With numerous diagrams and figures. 
8to, cloth, 607 pages $4.00 

EEIM, A. W. Prevention of Dampness in Buildings. 

With Remarks on the Causes, Nature and Effects of Saline Efflo- 
rescences and Dry Rot. For Architects, Builders, Overseers, 
Plasterers, Painters and House Owners. Translated from the 
eeamd revised, German edition. With colored plates and dia- 
grams. 8vo, cloth, illustrated, 115 pages net, $2.00 

KELSET, W. R. Continuousrcurrent Dynamos and 

Motors, and their Control: being a series of articles reprinted 
from The Practical Engineer, andf completed by W. R. Kelsey. 
With many figures and diagrams. 8vo, cloth, illustrated. . .$2.50 

KEMP, J. F., A.B., E.M. A Handbook of Rocks. For Use 

without the microscope. With a glossary of the names of rocks 

and of other lithological terms. 8vo, cloth, illustrated $1 . 50 

Third Edition, revised, 

KEMPE, H. R. The Electrical Engineer's Pocket-book 

of Modem Rules, Formulae, Tables and Data. Illustrated. 
d2mo, morocco, gilt $1 . 75 
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KENFEDY, R. Modem Engines and Power Generators. 

Vol. I. A Practical Work on Prime Movers and the Transmission 
of Power: Steqim, Electric, Water, and Hot-air. With tables, 
figures, and full-page engravings. 4to, cloth, illustrated. . $3.50 

KENNEDY, R. Electrical Installations of Electric Light, 

Power, Traction, and Industrial Electrical Machinery. With nu- 
merous diagrams and engravings. 

Vol. I. The Electrical Circuit, Measurement, Ele- 
ments of Motors, Dynamos, Electrolysis. 8vo, doth, illus . . $3.50 

Vol. II. Instruments, Transformers, Installation Wir- 
ing, Switches and Switchboards. 8vo, doth, illustrated $3.50 

Vol. ni. Production of Electrical Energy, Prime 

Movers, Generators and Motors. 8vo, doth, illustrated. . . $3.50 

Vol. IV. Mechanical Gearing; Complete Electric In- 
stallations; Electrol3rtic, Mining and Heating Apparatus; Electric 
Traction; Special Applications of Electric Motors. Svo, cloth, 
illustrated. $3.50 

Vol. V. Apparatus and Machinery used in Telegraphs, 

Telephones, Signals, Wireless Tdegraph, X-Rays, and Medical 
Science. Svo, cloth, illustrated $3 .50 

KENNELLY, A. E. Theoretical Elements of Electro- 
dynamic Machinery. Svo, doth $1 . 50 

KILGOUR, M. H., SWAN, H., and BIGGS, C. H. W. Elec- 
trical Distribution: its Theory and Practice. 174 illustrations. 
12mo, cloth $4.00 

KING, W. H. Lessons and Practical Notes on Steam, 

the Steam-engine, Propellers, etc., for Yoimg Blarine Engineers, 
Students and others. Revised by Chief Engineer J. W. King, 
United States Navy. 19th EdUion, enlarged. Svo, cloth. ... $2 . 00 

KIN6D0N, J. A. Applied Magnetism. An Introduction 

to the Design of Electromagnetic Apparatus. Svo, doth. . $3.00 

EIRKALDY, W. G. Illustrations of David Kirkaldy's 

System of Mechanical Testing, as Originated and Carried on by 
hun during a Quarter of a Century. Comprising a Large Sdeo- 
tion of Tabulated liesults, showing the Strength and other Proper- 
ties of Materials used in Construction, with Explanatory Text 
and Historical Sketch. Numerous engravings and 25 lithographed 
plates. 4to, doth $^.00 
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KIRKBRIDEi J. Engraving for Illustration: Historical 

and Practical Notes, with illustrations and 2 plates by ink 
photo process. 8vo, cloth, illustrated, 72 pages net, $1 .50 

KIRE:WOODy J. P. Report on the Filtration of River 

Waters for the Supply of Cities, as practised in Europe, made 
to the Board of Water Commissioners of the City of St. Louis. 
Illustrated by 30 double-page engravings. 4to, doth $7.50 

EXEIN, J. F. Design of a High-speed Steam-engine. 

With notes, diagrams, formulas and tables. Second Edition, 
revised and enlarged. 8vo, cloth, illustrated, 257 pages . . net, $6 . 00 

KNIGHT, A. M., Lieut.-Com. 17.S.N. Modem Seaman- 
ship. Illustrated with 136 full-page plates and diagrams. 8vo, 

cloth, illustrated. Second Edition, revised n6^, $6.00 

Half morocco $7 . 50 

KNOTT, C. 6., and MACKAY, J. S. Practical Mathematics. 

With numerous examples, figures and diagrams. New Edition. 
8vo, cloth, illustrated $2.00 

KOLLER, T. The Utilization of Waste Products. A 

Treatise on the Rational Utilization, Recovery and Treatment 
of Waste Products of all kinds. Translated from the German 
second revised edition. With numerous diagrams. 8vo, cloth, 
illustrated, 280 pages nef, $3 . 50 

Cosmetics. A Handbook of the Manufacture, £m- 

gloyment and Testing of all Cosmetic Materials and Cosmetic 
pecialties. Translated from the German by Chas. Salter. 8vo, 
cloth net, $2. 50 

KRAUCHy C, Dr. Testing of Chemical Reagents for 

Purity. Authorized translation of the Third Edition, by J. A. 
Williamson and L. W. Dupre. With additions and emendations 
by the author. 8vo, cloth net, $4 . 50 

LAMBERT, T. Lead, and its Compounds, With tables, 

diagrams and folding plates. 8vo, cloth, 22S pages net, $3 . 50 

Bone Products and Manures. An Account of 

the most recent improvements im the manufacture of Fat, Glue, 
Animal Charcoal, Size, Gelatine and Manures. With plans and 
diagrams. 8vo, cloth, illustrated net, $3 . 00 

LAMBORN, L. L. Cotton-seed Products. With numerous 
diagrams and engravings In Press. 
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LAMPRECHT, IL Recovery Work after Pit Fires. A 

description of the principal methods pursued, especially in fiery 
mines, and of the various appliances employed, such as respira- 
tory and rescue apparatus, dams, etc. With foldixu; plates and 
diajgrams. Translated from the German by Charies Salter. 8vo, 
doth, illustrated net, $4.00 

LARRABEE, C. S. Cipher and Secret Letter and Tele- 
graphic Code, with Hog's Improvements. The most perfect 
Secret Code ever invented or discovered. Impossible to read 
without the key. 18mo, cloth 60 

LASSAR-COHIfy Dr. An Introduction to Modem Scien- 
tific Chemistry, in the form of popular lectures suited to University 
Extension Students and generu readers. Translated from the 
author's corrected proofs for the second German edition, by 
M. M. Pattison Muir, M.A. 12mo, cloth, illustrated $2.00 

LEASK, A. R. Breakdowns at Sea and How to Repair 

Them. With 89 illustrations. Second Edition. 8vo, cloth. $2.00 

Triple and Quadruple Expansion Engines and Boilers 

and their Management. With 59 illustrations. Third Edition, 
revised, 12mo, cloth $2.00 

Refrigerating Machinery: Its Principles and Man- 
agement. With 64 illustrations. 12mo, cloth $2.00 

LECKY, S. T. S. '^Wrinkles" in Practical Navigation. 

With 130 illustrations. Svo, cloth. Fourteenth Edition, revised 
and enlarged $9.00 

LEFEVRE, L. Architectural Pottery: Bricks, Tiles, Pipes, 

Enamel^ Terra-Cottas, Ordinary and Incrusted Quarries, Stone- 
ware Mosaics, Faiences and Architectural Stoneware. With 
tables, plates and 950 cuts and illustrations. With a preface by 
M. J.-C. Formig4. Translated from the French, by K. H. Bird, 
M.A., and W. Moore Binns. 4to, cloth, illustrated net, $7. 50 

LEHNER, S. Ink Manufacture: including Writing, Copy- 
ing, Lithographic, Marking, Stamping and Laimdry Inks. Trans- 
lated from the fifth German edition, by Arthur Morris and 
Herbert Robson, B.Sc. Svo, cloth, illustrated net,%2.60 

LEMSTROM, Dr. Electricity in Horticulture. Illus- 
trated In Press, 

LEVY, C. L. Electric-light Primer. A simple and com- 
prehensive digest of all the most important facts connected with 
the running of the dynamo, and electric lights, with precautions 
for safety. For the use of persons whose duty it is to look after 
the plant. Svo, paper SO 
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LIVACHE, ACH. (Ingenieur Civil des Mines). The Man- 
ufacture of VamiBhes, Oil Crushing, Refining and Boiling, and 
Kindred Industries. Describinjg the Manufacture and Chemical 
and Physical Properties of Spuit Varnishes and Oil Varnishes; 
Raw Materials; Kesins; Solvents and Coloring Principles; Dr>'- 
ing Oils, their Extraction, Properties and Applications; Oil 
Refining and Boiling; The Manufacture, Employment and Test- 
ing of Various Varnishes. Translated from the ^French, by John 
G^des Mcintosh. Greatly extended and adapted to English 

Eractice. With numerous original recipes by the translator. 
Uustrated with cuts and diagrams. 8vo, clotn netf $5.00 

LIVERMOR£, V. P., and WILLIAMS^ J. How to Become 

a Competent Motorman. Being a Practical Treatise on the 
Proper Method of Operating a Street Railway Motor Car; also 

S'ving details how to overcome certain defects. 16mo, cloth, 
iustrated, 132 pages $1 .00 

LOBBEN, P., M.E. Machinists' and Draftsmen's Hand- 
book, containing Tables, Rules, and Formulas, with numerous 
examples, explaining the principles of mathematics and mechanics, 
as applied to the mechanical trades. Intended as a reference book 
for all interested in Mechanical work. Illustrated with many 
cuts and diagrams. 8vo, doth $2 . 50 

LOCKE, A. 6. and C. 6. A Practical Treatise on the 

Manufacture of Sulphuric Acid. With 77 constructive j^ates, 
drawn to scale measiu^ments, and other illustrations. Koyal 
8vo, cloth $10.00 

LOCKERT, L. Petroleum Motor-cars. i2mo, cloth, S1.50 

LOCKWOOD, T. D. Electricity, Magnetism, and Electro- 
telegraphy. A Practical Guide for Students, Operators, and 
Inspectors. 8vo, cloth. Third Edition $2.50 

Electrical Measurement and the Galviuiometer: its 

Construction and Uses. Second Edition. 32 illustrations. 12mo, 
cloth $1 .50 

LODGE, O. J. Elementary Mechanics, including Hydro- 
statics and Pneumatics. Revised Edition. 12mo, cloth ... $1 . 50 

Signalling Across Space, Without Wires: being a 

description of the work of Hertz and his successors. With numer- 
ous diagrams and half-tone cuts, and additional remarks con- 
cerning the application to Telegraphy and later developments. 
Third Edition. Svo, cloth, illustrated net, $2 . 00 
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LORD, R. T. DecoratiTe and Fancy Fabrics. A Valuable 

Book with designs and illustrations for manufacturers and de- 
signers of Carpets, Damask, Dress and all Textile Fabrics. 8vo, 
doth, illustrated net, $3.60 

L0RIN6, A. £. A Handbook of the Electro-magnetic 

Telegraph. 16mo, clbth, boards. New and enlarged edition. . .50 

LXTCEy S. B.y Com. Text-book of Seamanship. The 

Equipping and Handling of Vessels under Sail or Steam. For 
the use of the U. S. Naval Academy. Revised and enlarged 
editiony by Lieut. Wm. S. Benson. 8vo, doth, illustrated . . $10 . 00 

LXTCSX, C. E., Prof. Columbia Univ. Gas Engine Design. 

LUNGE, G., Ph.D. Coal-tar and Ammonia: being the 

third and enlarged edition of "A Treatise on the Distillation of 
Coal-tar and Ammoniacal Liquor, '* with numerous tables, figures 
and diagrams. Thick 8vo, cloth, illustrated ne^, $15.00 

A Theoretical and Practical Treatise on the Man- 
ufacture of Sulphuric Acid and Alkali with the Collateral Branches. 

Vol, I. Sulphuric Acid. In two parts, not sold separately. 

Second Edition, revised and enlarged. 342 illus. 8vo, cloth . . $1 5 . 00 

Vol. n. Salt Cake, Hydrochloric Acid and Leblanc 

Soda. Second Edition^ revised and enlarged. 8vo, cloth . . . $15 . 00 

VoL m. Ammonia Soda, and various other processes 

of Alkali-making, and the preparation of Alkalis, Chlorine and 
Chlorates, by Electrolysis. 8vo, cloth. New Edition, l^Q. . %lb.QO 

and HURTER, F. The Alkali Maker's Handbook. 

Tables and Analytical Methods for Manufacturers of Sulphuric 
Acid, Nitric Acid, Soda, Potash and Ammonia. Second Edition. 
12mo, cloth $3.00 

LUPTON, A., PARR, G. D. A., and PERKIN, H. Elec- 
tricity as Applied to Mining. With tables, diagrams and foldine 
plates. Svo, doth, illustrated, 2S0 pages n6^, $3.50 

LUQUER, L. M., Ph.D. Minerals in Rock Sections. 

The Practical Method of Identifying Minerals in Rock Sections 
with the Microscope. Especially arranged for Students in Techni- 
cal and Scientific Schools. Svo, doth, illustrated net, $1 . 50 

MACCORD, C. W., Prof. A Practical Treatise on the 

Slide-valve by Eccentrics, examining by methods the action of 
the Eccentric u^n the Slide-valve, and explaining the practical 
processes of laying out the movements, adapting the "N^ve for 
its various duties in the Steam-engine. Second Edition. Illus- 
trated. 4to, cloth $2.50 
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MACKIE, JOmr. How to Make a Woolen IBll Pay. 

8vo, cloth net, $2,00 

HACKROW, C. The Na^al Architect's and Ship-builder's 

Pocket-book of Formulae, Rules, and Tables; and En^eers' and 
Surveyors' Handy Book of Reference. Eighth EdUion, revised 
and enlarged, 16mo, limp leather, illustrated $5.00 

MAGUIRE, £., Capt., 17.S.A. The Attack and Defence 

of Ck)ast Fortifications. With maps and numerous illustrations, 
8vo, cloth $2.50 

HAGUIREy WM. R. Domestic Sanitary Drainage and 

Plimibing Lectures on Practical Sanitation. 332 illustrations. 
8vo $4.00 

MAILLOUX, C. O. Electro-traction Machinery. 8to, 

cloth, illustrated In Press. 

MARKS, E. C. R. Mechanical Engineering Materials: 

Their Properties and Treatment in Construction. 12mo, doth, 
illustrated 60. 

Notes on the Construction of Cranes and Lifting 

Machinery. With numerous diagrams and figures. New and 
enlarged edition. 12mo, cloth net, $1 . 50 

Notes on the Construction and Working of Pumps. 

With figures, diagrams and engravings. 12mo, cloth, iUua- 
trated net,%l.QO 

MARKS, 6. C. Hydraulic Power Engineering. A Prac- 
tical Manual on the Concentration and Transmission of Power 
by Hydraulic Machinery. With over 200 diagrams and tables 
Svo, cloth, illustrated $3.50 

MAVER, W. American Telegraphy: Systems, Apparatus, 

Operation. 450 illustrations. Svo, cloth. ^ $5.00 

MAYER, A. M., Prof. Lecture Notes on Physics. Svo, 

cloth $2.00 

McCULLOCH, R. S., Prof. Elementary Treatise on the 

Mechanical Theory of Heat, and its application to Air and Steam- 
engines. Svo, cloth $3 . 50 

McDfTOSH, J. 6. Technology of Sugar. A Practical Treatise 

on the Manufacture of Sugar from the Su£ar-cane and Sugar- 
beet. With diagrams and tables. Svo, cloth, Illustrated . net, $4 . 50 
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McNeill, B. McNeill's Code. Arranged to meet the 
requirements of Mining , Metallurgical and Civil f^ngineers, Direo- 
tors of Mining, Smeltmg and other Companies, mnkers, Stock 
and Share Brokers, Solicitors, Accountants, Financiers and 
General Merchants. Safety and Secrecy. 8vo, cloth. ... $6.00 

Mcpherson, J. a., a. M. Inst. C. E. waterworks 

Distribution. A practical guide to the la3ring out of systems of 
distributing midns for the supply of water to cities and towns. 
With tables, folding plates and numerous full-page diagrams. 
8vo, cloth, iUustiated $2.60 

MERRTTT, WM. H. Field Testing for Gold and Silver. 

A Practical Manual for Prospectors and Miners. With numerous 
half-tone cuts, figures and tables. 16mo, limp leather, illiis- 
trated $1.60 

METAL TURNING. By a Foreman Pattern-maker. Illus- 
trated with 81 engravings. 12mo, cloth $1 .60 

MICHELLy S. Mine Drainage: being a Complete Prac- 
tical Treatise on Direct-acting Undeiground Steam Piunpinff 
Machineiy. Containing many folding plates, diagrams and 
tables. Second Edition, rewritten and enlarged. Thick Svo, 
cloth, iUustrated $10.00 

MIERZINSKIy S., Dr. Waterproofing of Fabrics. Trans- 
lated from the German by Arthur Morris and Herbert Robson. 
With diagrams and hgures. Svo, cloth, illustrated. . : net^ $2.60 

MILLER, E. H. Quantitative Analysis for Mining Engi- 
neers. 8vo, cloth netf $1 . 60 

MINIFIE, W. Mechanical Drawing. A Text-book of 

Geometrical Drawing for the use of Mechanics and Schools, in 
which the Definitions and Rules of Geometry are familiarly ex- 
plained; the Practical Problems are arranged from the most 
simple to the more complex, and in their description technicalities 
are avoided as much as possible. With illustrations for drawing 
Plans, Sections, and Elevations of Railwavs and Blachinerv; an 
Introduction to Isometrical Drawing, and an Essay on Linear 
Perspective and Shadows. Illustrated with over 200 diagrams 
engraved on steel. Tenlh Thoruand, revised. With an Appen- 
dix on the Theory and Application of Colors. 8vo, cloth. . $4.00 

Geometrical Drawing. Abridged from the octavo 

edition, for the use of schools. Illustrated with 4S steel plates. 
Ninth Edition, 12mo, cloth $2.00 
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MODBRR METEOROLOGY. A Series of Six Lectures, 

delivered under the auspices of the Meteorological Society in 
1870. niustrated. 12mo, doth $1 .50 

MOORE, E. C. S. New Tables for the Complete Solu- 
tion of Ganffuillet and Kutter's Formula for the flow of liqmds in 
open channels, pipes, sewers and conduits. In two parts, rart I, 
arranged for 1(^ inclinations from 1 over 1 to 1 over 21.120 for 
fifteen different values of (n). Part II, for use with all other 
values of (n). With large folding diagram. 8vo, cloth, illus- 
trated net, S6.00 

M0REIN6, C. A., and NEAL, T. New General and Mining 

Telegra{>h Code. 676 pages, alphabetically arranged. For the 
use of mining companies, mining engineers, stock brokers, financial 
agents, and trust and finance companies. Eighth Edition. 8vo, 
cloth S6.00 

MOSES, A. J., and PARSONS, C. L. Elements of Miner- 
alogy, Crystallography and Blowpipe Analysis from a Practical 
Standpomt. Second Thousand. Bvo, cloth, 336 illus.. net,%2.Q0 

MOSES, A. J. The Characters of Crystals. An Intro- 
duction to Physical Crystallography, containing 321 illustrations 
and diagrams. 8vo, 211 pages net, $2.00 

MOSS, S. A. The Lay-out of Corliss Valve Gears. (Van 

Noetrand's Science Series, No. 119.) 16mo, cloth, iUus 60 

MULLIN, J. P., M.E. Modem Moulding and Pattern- 
making. A Practical Treatise upon Pattern-shop and Foundry 
Work: embracing the Moulding of Pullejrs, Spur Gears, Worm 
Gears, Balance-wheels, Stationary Engine and Locomotive 
Cylinders, Globe Valves, Tool Work, Mining Machinery, Screw 
iTopellers, Pattern-shop Machinery, and tne latest unppove- 
ments in English and American Cupolas; together with a large 
collection of ori^pnal and carefully selected Rules and Tables 
for every-day use m the Drawing Office, Pattern-shop and Foundry . 
12mo, cloth, illustrated $2 . 50 

MUNRO, J.» C.E., and JAMXESON, A., C.E. A Pocket- 
book of Electrical Rules and Tables for the use of Electricians 
and Engineers. Fifteenth Edition, revised and enlarged. With 
numerous diagrams. Pocket size. Leather $2. 50 

MURPHT, J. 6., M.E. Practical Mining. A Field Manual 

for Mining Engineers. With Hints for Investors in Mining 
Properties. 16mo, morocco tucks $1 .00 



Digitized by V^OOQIC 



SCIENTIFIC PUBLICATIONS. 35 

NAQUET, A. Legal Chemistiy. A Guide to the Detection 

of Poisons, Falsmcation of Writings, Adulteration of Alimentaiy 
and Pharmaceutical Substances, .dialysis of Ashes, and Exami- 
nation of Hain, Coins, Arms and Stains, as applied to Chemi(»Ed 
Jurisprudence, for the use of Chemists, Physicians, Lawyers, 
Pharmacists and Experts. Translated, with additions, including 
a list of books and memoirs on Toxicology, etc., from the French, 
by J. P. Battershall, Ph.D., with a Preface by C. F. Chandler, 
Ph.D., M.D., LL.D. 12mo, cloth. ., S2.00 

NASMITH, J. The Student's Cotton Spinning. Third 

Edition, revised and enlarged. 8vo, cloth, 622 pages, 250 illus- 
trations $3.00 

NETTBURGERy H., and NOALHAT, H. Technology of 

Petroleum. The Oil Fields of the Worid: their History, Geog- 
raphy and Qeolo^. Annual Production, Prospection and Develop- 
ment; Oil-well Drilling: Transportation of Petroleimi by Land 
and Sea. Storage of Petroleimi. With 153 illustrations and 25 
plates. Translated from the French, by John Geddes Mcintosh. 
8vo, cloth, illustrated net, $10.00 

HEWALL, J. W. Plain Practical Directions for Drawing, 

Sizing and Cuttinff Bevel-eears, showing how the Teeth may 
be cut in a Plain Milling Machine or Gear Cutter so as to give 
them a correct shap3 from end to end; and showing how to get 
out all particulars for the Workshop without making any Draw- 
ings. Including a FuU Set of Tables of Reference. Folding 
plates. 8vo, cloth SI .50 

NEWLANDSy J. The Carpenters' and Joiners' Assistant: 

being a Comprehensive Treatise on the Selection, Preparation 
and Strength of Materials, and the Mechanical Principles of 
Framing, with their application in Carpentry, Joinery and 
Hand-railing; also, a Complete Treatise on Sines; and an Illus- 
trated Glossary of Terms used in Architecture and Building. 
Dlustrated. Folio, half morocco S15.00 

NIPHERy F. E.y A.M. Theory of Magnetic Measurements, 

with an Appendix on the Method of Least Squares. 12mo, 
doth SI . 00 

mXGENT, E. Treatise on Optics; or, Light and Sight 

Theoretically and Practically Treated, with the Application to 
Fine Art and Industrial Pursuits. With 103 illustrations. 12mo, 
cloth SI. 50 

O'CONNOR, H. The Gas Engineer's Pocket-book. Com- 
prising Tables, Notes and Memoranda relating to the Manu- 
facture, Distribution and Use of Coal-gas and the Construction 
of Gas-works. Second Edition, revised. 12mo, full leather, gilt 
edges $3.60 
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OLSEN, J. C, Prof. Text-book of Quantitative Chemical 

Analysis by Gravimetric, Electrolytic, Volumetric aad Gasometric 
Methods. With Seventv-two Laboratory Exercises giving the 
Analysis of Pure Salts, AUovs, Minerals and Technical Products. 
With numerous figures and diagrams. 8vo. doth.. n«M4.00 

OSBORH, F. C. Tables of Moments of Inertia, and Squares 

of Radii of Gjrration; supplemented by others on the Ultimate 
and Sx(e Strength of Wrought-iron Columns, Safe Strength of 
Timber Beams, and Constants for readily obtaining the Shearing 
Stresses, Reactions and Bending Moments in Swing Bridges. 
12mo, leather $3.00 

OSTERBERG, M. Synopsis of Current Electrical Litera- 
ture, compiled from Technical Journals and Magazines during 
1895. 8vo, cloth $1 . GO 

OTIDIN, M. A. Standard Polyphase Apparatus and Systems. 

With many diagrams and figures. Third Edition, thoroughly 
revised. Fully illustrated $3 .00 

PALAZ, A, Sc.D. A Treatise on Industrial Photometry, 

with special application to Electric Lighting. Authorized trans- 
lation from the French by George W. Patterson, Jr. Second 
Edition, revised, 8vo, cloth, illustrated $4 .00 

PARR, G. D. A. Electrical Engineering Measuring Instru- 
ments, for Commercial and Laboratory Purposes. With 370 
diagrams and engravings. 8vo, cloth, illustrated net, $3.50 

PARRY, E. J., B.Sc. The Chemistry of Essential Oils 

and Artificial Perf tunes. Being an attempt to group together 
the more important of the published facts connected with the 
subject; also giving an outline of the principles involved in the 
preparation and analysis of Essential Oils. With numerous dia- 
grams and tables. 8vo, cloth, illustrated net, $5. 00 

and COSTE, J. H. Chemistry of Pigments. With 

tables and figures. 8vo, cloth net, $4.60 

PARRY, L. A., M.D. The Rislcs and D«igers f Various 

Occupations and their Prevention. A book that should be in 
the hands of manufacturers, the medical profession, sanitaiy 
inspectors, medical officers of health, managers of works, foremea 
and workmen. 8vo, doth net, S3 . OO 

PARSHALL, H. F., and HOBART, H. M. A mature 

Windings of Electric Machines. With 140 full-page plates, 65 
tables and 165 pages of descriptive letter-press. 4to, cloth.. $7 . 50 
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PARSHALL, H. P., and PARRY, E. Electrical Equipment 

of Tramways In Press 

PASSMOREy A. C. Handbook of Technical Terms used 

in Architecture and Building, and their Allied Trades and Sub- 
jects. 8vo, cloth «e<, $3.60 

PATERSONy D.y F.C.S. The Colo* Printing of Carpet 

Yams. A useful manual for color chemists and textile printers. 
With numerous illustrations. 8vo, cloth, illustrated net, $3 . 50 

Color Matching on Textiles. A Manual intended for 

the use of Dyers, Calico Printers and Textile Color Chemists. 
Containing colored frontispiece and 9 illustrations, and 14 dyed 
patterns in appendix. 8vo, cloth, illustrated n«<, $3.00 

The Science of Color Mixing. A Manual intended 

for the use of Dyers, Calico Printers, and Color Chemists. With 
figures, tables, and colored plate. Svo, cloth, illustrated, net, $3 . 00 

PATTEN, J. A Plan for Increasing th3 Humidity of 

the Arid Region and the Utilization of Some of the Great Rivers 
of the United States for Power and other Purposes. A paper 
communicated to the National Irrigation Congress, Ogden, Utah, • 
Sept. 12, 1903. 4to, pamphlet, 20 pages, with 7 maps $1 .00 

PAULDINGy C. P. Practical Laws and Data on the Con- 
densation of steam in Covered and Bare Pipes; to which is added 
a translation of P^det's "Theory and Experiments on the Trans- 
mission of Heat Through Insulating Materials." 8vo, cloth, 
illustrated, 102 pages nef, $2.00 

PEIRCE, B. System of Analytic Mechanics. 4to, 

cloth $10.00 

PERRINE, F. A. C, A.M., D.Sc. Conductors for Elec- 
trical Distribution: their Manufacture and Materials, the Calcu- 
lation of Circuits, Pole Line Construction, Undergroimd Working 
and other Uses. With numerous diagrams and engravings. 8vo, 

cloth, illustrated, 237 pages net, $3.50 

Postage .25 

PERRY, J. Applied Mechanics. A Treatise for the use 

of students who have time to woric experimental, numerical and 
graphical exercises illustrating the subject. 8vo, cloth, 650 
pelves ne<. $2.60 
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PHILLIPS, J. Engineerng Chemistry. A Practical 

Treatise for the use of Analytical Chemists, Enj^neers, Iron 
Masters, Iron Founders, students and others. Comprising methods 
of Anal3r8iB and Valuation of the principal materials used in 
Engineering works, with numerous Analyses, Examples, and 
Suggestions. Illustrated. Third Edition, revised and enlarged. 
8vo, cloth S4.50 

Gold Assaying. A Practical Handbook giving the 

Modus Operandi for the Accurate Assay of Auriferous Ores and 
Bullion, and the Chemical Tests re<^uired in the Processes of 
Extraction by Amalgamation, Cyanidation and Chlorination. 
With an appendix of tables and statistics and numerous diagranis 
and engravings. 8vo, cloth, illustrated net, 92.50 

PICKWORTH, C. N. The Indicator Handbook. A Prac- 
tical Manual for Engineers. Part I. The Indicator: its Con- 
struction and Application. 81 illustrations. 12mo, cloth.. . $1 . 50 

The Indicator Handbook. Part 11. The Indicator 

Diagram: its Analysis and Calculation. With tables and figures. 
12mo, cloth, illustrated Jl .50 

Logaritlims for Beginners. Svo, boards 50 

The Slide Rule. A Practical Manual of Instruction for 

all Users of the Modem Type of Slide Rule, containing Succinct 
Explanation of the Principle of Slide-rule Computation, together 
with Numerous Rules and Practical Illustrations, exhibiting the 
Application of the Instrument to the Every-day Work of the 
Engineer — Civil, Mechanical a^d Electrical, aeventh Edition. 
12mo, flexible cloth $1 .00 

Plane Table, The. Its Uses in Topographical Survey- 
ing. From the Papers of the United States Coast Survey. 

Illustrated. 8vo, cloth $2.00 

"This work gives a description of the Plane Table employed at 
the United SGites Coast Survey office, and the manner of using it." 

PLARTEy 6. The Storage of Electrical Energy, and 

Researches in the Effects created by Currents, combining Quan> 
tity with High Tension. Translated from the French by Paul 
B. Elwell. 89 illustrations. 8vo, cloth $4.00 

PLATTNER'S Manual of Qualitative and Quantitative 

Analysis with the Blow-pipe. Eighth Edition, revised. Translated 
by Henry B. Cornwall, E.M., Ph.D., assisted by John H. Caswell, 
A.M. From the sixth German edition, by Prof. Friederich Kol- 
beck. With 87 woodcuts. 463 pages. 8vo, cloth. . . n«f, $4.00 
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PLYMPTON, GEO. W., Prof. The Aneroid Barometer: 

its Construction and Use. Compiled from several sources. 
Eighth Edition, revised and entarqed. 16mo, boards, illus- 
trated $0.60 

Morocco 1 .00 

POCKET LOGARITHMS, to Four Places of Decimals, 

including Logarithms of NumberSi and Logarithmic Sines and 
Tangents to Single Biinutes. To which is added a Table of 
Natural Sines, Tangents and Co-tangents. 16mo, boards 50 

POPE F. L. Modem Practice of the Electric Telegraph. 
A Technical Handbook for Electricians, Managers and Operators. 
Fifteenth Edition, rewritten and enlarged, and fuUy iUuatrated, 8vo, 
cloth $1 .60 

POPPLEWELL, W. C. Elementary Treatise on Heat and 

Heat Engines. Specially adapted for engineers and students of 
en^eering. 12mo, cloth, illustrated $3 .00 

Prevention of Smoke, combined with the Economical 

Combustion of Fuel. With diagrams, figures and tables. 8vo, 
cloth, illustrated net, $^.50 

POWLES, H. H. P. Steam Boilers In Press. 

Practical Compounding of Oils, Tallow and Grease, for 

Lubrication, etc. By an Expert Oil Refiner. 8vo, cloth, net, $3 . 60 

Practical Iron Founding. By the Author of ** Pattern 

Making," etc. Illustrated with over 100 engravings. Third 
Edition. 12mo, cloth $1 .60 

PRAY,.T., Jr. Twenty Years with the Indicator: being 

a Practical Text-book for the Engineer or the Student, with no 
complex Formulse. Dlustrated. 8vo, doth $2. 50 

Steam Tables and Engine Constant Compiled from 

Regnault, Rankine and Dixon directly, making use of the 
exact records. 8vo, cloth $2 .00 

PREECE, W. H. Electric Lamps In Press. 

and STUBBS, A. T. Manual of Telephony. Illus- 

trations and plates. 12mo, cloth $4.60 

PRELINI, C, C.E. Tmmeling. A Practical Treatise con- 
taining 149 Working Drawings and Figures. With additions 
by Charies S. Hill. C.E., Associate Editor " Engineering News." 
311 pages. Second Edition, revised. 8vo, cloth, illus $3.00 
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PRELINIy C.y C.E. Earth and Rock Excavatioa. A Manual 

for EnsineeFB, Contractors and Engineering Students. 8vo, 
cloth, iSustrated. About 350 pages In Press. 

PREMIER CODE. (See Hawke, Wm. H.) 

PRESCOTT, A. B.y Prof. Organic Analysis. A Manual 

of the Descriptive and Analytical Chemistry of certain Carbon 
Compounds in Common Use; a Guide in the Qualitative and 
Quantitative Analysis of Organic Materials in Commercial and 
Pharmaceutical Assays, in the estimation of Impurities under 
Authorized Standards, and in Forensic Examinations for Poisons, 
with Directions for Elementary Organic Analysis. Fifth Edi- 
tion. 8vo, cloth $5.00 

Outlines of Proximate Organic Analysis, for the 

Identification, Separation and Quantitative Determination of 
the more commonly occurring Organic Compounds. Fourth 
Edition. 12mo, cloth $1.75 

and SULLIVAW, E. C. (University of Michigan). First 

Book in Qualitative Chemistry. For Studies of Water Solution 
and Mass Action. Twelfth Edition, entirely rewritten. 12mo, 
cloth n«f, $1 .60 

and JOHNSON, 0. C. Qualitative Chemical Analysis. 

A Guide in the Practical Study of Chemistry and in the Work of 
Analysis. Fifth revised and enlarged edition, entirely revmtien. 
With Descriptive Chemistry extended throughout net, $3.50 

PRITCHARD, 0. G. The Manufacture of Electric-light 

Carbons. Illustrated. 8vo, paper 60 

PULLEN, W. W. F. Application of Graphic Methods 

to the Design of Structiu-es. Specially prepared for the use x>f 
Engineers. A Treatment by Graphic Methods of the Forces 
and Principles necessary for consideration in the Design of £n* 
nneering Struci/Ures, Roofs, Bridges, Trusses, Framed Structures, 
Wells, Dams, Chinmeys, and Masonry Structures. 12mo, doth, 
profusely illustrated net, $2.50 

PULSIFER, W. H. Notes for a History of Lead. Svo, 

cloth, gilt top $4.00 

PUTSCH, A. Gas and Coal-dust Firing. A Critical Review 

of the Various Appliances Patented in Geimany for this purpose 
since 1885. With diagrams and figures. Tnmslated from the 
German by Charles Salter. Svo, cloth, illustrated net, $3.(X> 
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PTNCHON, T R.,Prof. Inlroduction to Chemical Physics, 

designed for the use of Academies, Colleges and Hi^h Schools. 
Illustrated with numerous engravings, and containing copious 
experiments, with directions for preparing them. New Edition, 
revised and enUirgedt &n<l illustrated by 269 wood engravings. 8vo, 
cloth $3.00 

RADFORD, C. S., Li ut. Handbcok en Naval Gunnery. 

Prepared by Authority of the Navy Department. For the use 
of U. S. Navy, U. S. Marine Corps, and U. S. Naval Reserves. 
Revised and enlarged, with the assistance of Stokely Morgan, 
Lieut. TJ. S. N. Third Edition, revised and erUarged. 12mo, 
flexible leather $2.00 

RAFTER, G. W. Treatment of Septic Sewage (Van 

Nostrand^a Science Series, No, 118). 16mo, cloth 50 

Tables for Sewerage and Hydraulic Engineers. In Press, 

and BAEXR, M. N. Sewage Disposal in the United 

States. Illustrations and folding plates. Third Edition, 8vo, 
cloth $6.00 

RAM, G. S. The Incandescent Lamp and its Manufac- 
ture. 8vo, cloth $3.00 

RAMP, H. M. Foundry Practice In Press, 

RANDALL, J. E. A Practical Treatise on the Incan- 
descent Lamp. 16mo, cloth, illustrated 50 

RANDALL, P. M. Quartz Operator's Handbook. New 

Edition, revised and enlarged Jtdly illustrated. 12mo, cloth, $2.00 

RANDAU, P. Enainels and Enamelling. An introduction 

to the preparation and application of all kinds of enamels for 
technical and artistic purposes. For enamel-makers, workers 
in gold and silver, and manufacturers of objects of art. Third 
German Edition. Translated by Charles Salter. With figures, 
diagrams and tables. 8vo, cloth, illustrated ne<, $4.00 

RANKINE, W. J. M. Applied Mechanics. Comprising 

the Principles of Statics and Cinematics, and Theory of Struc- 
tures, Mechanism, and Machines. With numerous diagrams. 
Seventeenth Edition, thoroughly revised by W. J. Millar. 8vo, 
cloth S5.00 

Civil Engineering. Comprising Enrineering Sur- 
veys, Earthwork, Foundations, Masonry, Carpentry, Metal- 
work, Roads, RaUways, Canals, Rivers, Water-works, Harbors, 
etc. With niunerous tables and illustrations. Twenty-first 
Edition, thoroughly revised by W. J. Millar. 8vo, cloth $6. 50 
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RANKnrE W. J. M. Machinery and Hillwork. Com- 
prising the Geometry, MotioDB, Work, Strength, Construction, and 
Objects of Machines, etc. niustrated with neaiiy 300 woodcuts. 
Seventh Edition, thoroughly revised by W. J. Millar. 8vo, 
cloth $5.00 



The Steam-engine and Other Prime Movers. With 

diagram of the Mechanical Properties of Steam. Folding plates, 
numerous tables and illustrations. Fifteenth Edition^ thor- 
oughly revised by W. J. Millar. 8vo, cloth $5.00 

Useful Rules and Tables for Engineers and Others. 

With Appendix, Tables, Tests and Formulae for the use of Elec- 
trical engineers. Comprising Submarine Electrical Engineering, 
Electric Lighting and Transmission of Power. By Andrew 
Jamieson, C.E., F.R.S.E. Seventh Edition, thoroughly revised 
by W. J. Millar. 8vo, cloth $4.00 

and BAMBER, E. F., C.E. A Mechanical Text-book. 

With numerous illustrations. Fifth Edition. 8vo, cloth. . $3.50 

RAPHAEL, F. C. Localization of Faults in Electric 

Li^ht and Power Mains, with chapters on Insulation Testing 
With figures and diagnuns. Second Edition, revised. 8vo' 
cloth, illustrated net, SS.OOf 

RAYMOND, E. B. Alternating-current Engineering Prac- 
tically Treated. With numerous diagrams and figures. 12mo, 
cloth net, $2.50 

RAYNER, H. Silk Throwing and Waste Silk Spinning. 

With numerous diagrams and figures. 8vo, cloth, iUustrated, 

net,%2,&d 

RECIPES for the Color, Paint, Varnish, Oil, Soap and 

Drysaltery Trades. Compiled by an Analytical Chemist. 8vo, 
cloth $3.50 

RECIPES FOR FLINT GLASS MAKING. Being Leaves 

form the mixing-book of several experts in the Flint Glass Trade. 
Containing up-to-date recipes •ana valuable information as to 
Crystal, Demi-crystal, and Colored Glass in its many varieties. 
It contains the recipes for cheap metal suited to pressing, blowing, 
etc., as well as the most costly Crystal and Rubv. British manu- 
facturers have kept up the quality of this glass from the arrival of 
the Venetians to Hungry Hill, Stourbridge, up to the present 
time. The book also contains remarks as to the result of the 
metal as it left the pots by the respective metal mixers, taken 
from their own memoranda upon tne originals. Compiled by 
a British Glass Master and Mixer. 12ino, doth. nU, $4.fiO 
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REED'S ENGXITEERS' HANDBOOK, to the Local Marine 

Board Ebcaminations for Certificates of Competency as First and 
Second Class Engineers. By W. H. Thorn. Witn the answers 
to the Elementary Questions. Illustrated by 358 diagrams 
and 37 large plates. SevenUerUh Edition, reviied and enlarged, 
8vo, cloth $6.00 

Key to the Seventeenth Edition of Reed's Engineer's 

Handbook to the Board of Trade Examination for First and 
Second Class Enj^eers and containing the workings of all the 
questions given m the examination papers. By W. H. Thorn. 
8vo, cloth $3.00 

Useful Hints to Sea-going Engineers, and How to 

Repair and Avoid "Breakdowns'': also Appendices containing 
Bouer Explosions, Useful Formula, etc. With 42 diagrams 
and 8 plates. Third Edition^ revised and enlarged, 12mo, 
cloth , $1.60 

Marine Boilers. A Treatise on the Causes and Pre- 
vention of their Priniing, with Remarks on their General Manage- 
ment. 12mo, cloth, illustrated $2.00 

REINHARDTy C. W. Lettering for Draftsmen, Engineers, 

and Students. A Practical System of Free-hand Lettering for 
Working Drawings. Revised and enlarged edition. Thirteenth 
Thousand. Oblong, boards $1 .00 

The Technic of Mechanical Drafting. A Practical 

guide to neat, correct and legible drawing, containing many illus- 
trations, diagrams and full-page plates. 4to, cloth, ilhis. . . $1 . 00 

REISER, F. Hardening and Tempering of Steel, in Theory 

and Practice. Translated from the German of the third and 
enlarged edition, by Arthur Morris and Herbert Robson. 8vo, 
cloth, 120 pages $2.50 

REISER, N. Faults in the Manufacture of Woolen Goods, 

and their Prevention. Translated from the second Oerman 
edition, by Arthur Morris and Herbert Robson. 8vo, cloth, 
illustrated net,%2.50 

Spinning and Weaving Calculations with special 

reference to Woolen Fabrics. Translated from the German by 
Chas. Salter 8vo, cloth, illustrated net, $5.00 

RICE, J. M., and JOHNSON, W. W. On a New Method 

of Obtaining the Differential of Functions, with e8{>ecial refer* 
ence to the Newtonian Conception of Rates or Velocities, l^o, 
paper 50 



Digitized by VjOOQIC 



44 D. VAN NOSTRAND COMPANY'S 

RIDEAL, S.y D.Sc. Glue and Glue Testing, with figures 

and tables. 8vo, cloth, illustrated net, $4 .00 

RINGWALTy J. L. Development of Transportaticn Sys- 
tems in the United States, ooniprising a Comprehensive Descrip- 
tion of the leading features of^ advancement from the colonial 
era to the present time, in water channels, roads, turnpikes, 
canals, ndlways, vessels, vehicles, cars, and locomotives; the 
cost of transportation at various periods and places by the differ- 
ent methods; the financial, engineering, mechanical, govern- 
mental and popular (questions that have arisen, and notable 
incidents in railway history, construction and operation. With 
UlustratioQS of hundreds of typical objects. Quarto, half mo- 
rocco S7.50 

RIPPERy W. A Course of Instruction in Machine Drawing 

and Design for Technical Schools and Engineer Students. With 
52 plates and numerous explanatory engravings. Folio, cloth, 

net, $6.00 

ROBERTSON, L. S. Water-tube Boilers. Based on a 

short course of Lectures delivered at University College, London. 
With upward of 170 illustrations and diagrams. 8vo, cloth, 
illustrated $3.00 

ROEBLING, J. A. Long and Short Span Railway Bridges. 

Dlustrated with large copper-plate engravings of plans and views. 
Lnperial folio, cloth $25.00 

ROSE, J., M.E Th3 Pattern-makers' Assistant. Embrac- 
ing Lathe Work, Branch Work, Core Work, Sweep Work and 
Practical Grear Constructions, the Preparation and Use of Tools, 
together with a large collection of useful and valuable Tables. 
Ninth Edition, With 260 engravings. 8vo, cloth S2.50 

Key to Engines and Engine-running. A Practical 

Treatise upon the Management of Steam-engines and Boilers for 
the use of those who desire to pass an examination to take 
charge of an engine or boiler. With nimierous illustrations, 
and Instructions upon Engineers' Calculations, Indicators, 
Diagrams, Engine Adjustments and otlier Valuable Information 
necessary for Engineers and Firemen. 12mo, cloth. Blus. . $2.50 

ROWAN, F. J. The Practical Physics of the Modem 

Steam-boiler. With an Introduction by Prof- R. H. Thurston. 
With numerous illustrations and diagrams. 8vo, cloth, iUu>- 
trated $7.50 

SABINE, R. History and Progress of the Electric Tele- 
graph. With descriptions of some of the apparatus. Second 
EdUion, with additions, 12mo, cloth $1 . 25 
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SAELTZER, A. Treatise on Acoustics in Connection 

with Ventilation. 12mo, cloth $1 .00 

SALOMONS, Sir D., M.A. Electric-Ught Installations. 

A Practical Handbook. Eighth Edition, revised and enlarged, 
loith numeroua illustrations. Vol. I., The Management of Accu- 
mulators. 12mo, cloth SI . 50 

Vol. II., Apparatus. 296 illustrationfl. 12mo, cloth $2.25 

Vol. III., Applications. 12mo, cloth $1 . 50 

SANFORD, P. G. Nitro-ezplosives. A Practical Treatise 

concerning the Properties, Manufacture and Analysis of Nitrated 
Substances, includmg the Fulminates, Smokeless Powders and 
Celluloid. 8vo, cloth, 270 pages $3.00 

SAUNDERS, C. H. Handbook of Practical Mechanics 

for use in the Shop and Draughting-room; containing Tables, 
Rules and FormuUe, and Solutions of Practical Problems by 
Simple and Quick Methods. 16mo, limp doth $1 . 00 

SAUITNIER, C. Watchmaker's Hanlbook. A Workshop 

Companion for those engaged in Watchmaking and allied Mechan- 
ical Arts. Translated oy J. Tripplin and E. Rigg. Second Edi- 
tion, revised, voiih appendix, 12mo, cloth $3 . 50 

SCHELLENy H., Dr. Magneto-electric and Dynamo- 
electric Machines: their Construction and Practical Application 
to Electric Lighting, and the Transmission of Power. Trans- 
lated from the third German edition by N. S. Keith and Percy 
Neymann, Ph.D. With very large additions and notes relating 
to American Machines, by N. S. Keith. Vol. 1, with 353 illus- 
trations. Second Edition, 8vo, cloth $5.00 

SCHUMAim, F. A Manual of Heating and Ventilation 

in its Practical Application, for the use of Engineers and Archi- 
tects. Embracing a Series of Tables and Formula for Dimensions 
of Heating, Flow and Return Pipes for Steam and Hot-water 
Boilers, Fhies, etc. 12mo, illustrated, full roan $1 . 50 

SCHMALL, C. N., and SHACK, S. M. Elements of Plane 

Geometry. An Elementary Treatise. With many examples and 
diagrams. 12mo, half leather, illustrated net, $1 . 25 

SCIENCE SERIES, The Van Nostrand. (Follows end of 

this list.) 
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SCRIBITER, J. M. Engineers' * and Mechanics* Com- 
panion. Con^prising United States Weights and Measures. 
Mensuration of Superiices and Solids, Tables of Squares and 
Cubes, Square and Cube Roots, Circumference and Areas of 
Circles, the Mechanical Powers, Centres of Gravity, Gravitation 
of Bodies, Pendulums, Specific Gravity of Bocues, Strength, 
Weight and Crush of Materials, Water-wheels. Hydrostatics, 
Hydraulics, Statics, Centres of Percussion and Gyration, Friction 
Heat, Tables of the Weight of Metals, Scantlmx, etc.. Steam 
and Steam-engine. TtoerUy-firat Edttum^ revisea. 16mo, full 
morocco $1 . 50 

SEATON, A. E. A Manual of Marine Engineering. Com- 

Srisinjg the Designing, Construction and Working of Marine 
[achinery. With numerous tables and illustrations reduced from 
Working Drawings. 14^ Edition, revised throughout, with an 
additiomd chapter on Watei^tube Boilers. 8vo, cloth S6 .00 

and ROUNTHWAITE, H. M. A Pocketbook of 

Marine Engineering Rules and Tables. For the use of Marine 
Engineers and Naval Architects, Designers, Draughtsmen, 
Superintendents and all engaged in the design and construction 
of Marine Machinery, Naval and Mercantile. Seventh Edition, 
revised and enlarged. Pocket size. Leather, with diagrams. S3.0O 

SEELIGMARN, T., TORRILHOK, G. L., and FALCONNET, 

H. India Rubber and Gutta Percha. A complete practical 
treatise on India Rubber and Gutta Percha, in tneir historical, 
botanical, arboricultural, mechanical, chemical and electrical 
aspects. Translated from the French, by John Geddes Mcintosh. 
8vo, cloth, illustrated, 412 pages net, $7.50 

SEVER, G. F.y Prof. Electrical Engineering Experi- 
ments and Tests on Direct-current Machinery. With diagrams 
and figures. 8vo pamphlet, illustrated net, 91 .00 

and TOWNSEND, F. Laboratory and Factory Tests 

in Electrical Engineering. 8vo, cloth, illustrated, about 225 
pages In Press. 

SEWALL, C. H. Wireless Telegraphy. With diagrams 

and engravings. Second Edition, corrected. 8vo, doth, illus- 
trated net, $2.00 

Lessons in Telegraphy. For use as a text-book 

in schools and colleges, or for individual students. Illustrated. 
12mo, doth $1.( 

SEWELL, T. Elements of Electrical Engineering. A 

First Year's Course for Students. Second Edition, revised, with 
additional chapters on Alternating-current Working and Ap- 
pendix of Questions and Answers. With many diagrams, tables 
and examples. 8vo, cloth, iUustrated, 432 pages net, S3 . 00 
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SEXTON, A. H. Fuel and Refractory Materials. 8vo, 

cloth S2.00 

Chemistry of the Materials of Engineering. A Hand- 
book for EngineerinK Students. With tables, diagrams and 
Ulustrations. 12mo, cloth, illustrated $2.50 

SEYMOUR, A. Practical Lithography. With figures and 

engravings. 8vo, cloth, illustrated net, $2 . 50 

SHAW, S. The History of the Staffordshire Potteries, and 

the Rise and Progress of the Manufacture of Pottery and Por- 
celain; with references to genuine specimens, and notices of 
eminent potters. A re-issue of the original work published in 
1829. 8vo, cloth, illustrated net,%3.00 

Chemistry of the Several Natural and Artificial 

Heterogeneous Compounds used in Manufacturing Porcelain, 
Glass and Pottery. Re-issued in its original form, published in 
1837. 8vo, cloth net, $5.00 

SHAW, WM. J., Lieut.-Col. Studies in Map Reading 

and Field Sketching. An aid to passing outdoor examinations in 
these subjects. Illustrated with 15 folding plates. 12mo, cloth, 
illustrated, 148 pages net, $2.50 

Tactical Operations for Field OflScers: being Up-to- 
date schemes worked out on training grounds at home stations. 
With folding plates and maps. 12mo, cloth, illustrated, 321. 
pages $3.00 

SHELDON, S., Ph.D.^ and MASON, H., B.S. Dynamo- 
electric Machinery: its Construction, Design and Operation. 
Direct-current Machines. Fourth Edition, revieed, 8vo, cloth, 
illustrated net, $2.50 

Alternating-current Machines: being the second 

volume of the author's " Dynamo-electric Machinery : its Construc- 
tion, Design and Operation. " With many diagrams and figures. 
(Binding uniform with volume I.) Third EdtHon, 8vo, cloth, 
illustrated net, $2.50 

SHERRIFF, F. F. Oil Merchants' Manual, and Oil Trade 

Ready Reckoner. With two sheets of tables. Second Edition^ 
revised and enlarged. 8vo, doth net, $3.50 

SHIELDS, J. E. Notes on Engineering Construction. 

Embracing Discussions of the Principles involved, and Descrip- 
tions of the Material employed in Tunneling, Bridging, Canal and 
Road Building, eta 12mo, doth $1 .50 
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SHOCK, W. H. Steam Boilers: their Design, Construe^ 

tion and Management. 4to, half moioooo $15 . OQ 

SHREVE, S. H. A Treatise on the Strength of Bridg^e4 

and Roofs. Comprising the determination of aLcebraic formulas 
for strains in Horizon^, Inclined or Rafter, Triangular, Bow^ 
string, Lenticular and other Trusses, from fixed and moving loads-i 
with practical applications and examples, for the use of Students', 
and Engineers. 87 woodcut illustrations. Fourth Edition. 8vo, 
cloth $3.50 

SHUNK, W. F. The Field Engineer. A Handy Book 

of practice in the Survey, Location and Truck-work of Railroads, 
containing a larse collection of Rules and Tables, originfiJ and 
selected, applicable to both the Standard and Narrow Gauge, 
and prepared with special reference to the wants of the youne 
Engineer. Sixteenth Edition, revised and enlarged. With 
addenda. 12mo, morocco, tucks $2 . 50 

SIMMS) F. W. A Treatise on the Principles and Practice 

of Leveling. Showing its application to purposes of Railway 
Engineering, and the Construction of Roads, etc. Revised and 
corrected, with the addition of Mr. Laws' Practical Examples for 
setting out Railway Curves. Illustrated. 8vo, cloth $2 . 50 

Practical Tunneling. Fourth Edition, Revised and 

greatly extended. With additional chapters illustrating recent 
practice by D. Kinnear Clark. With 36 plates and other illustra- 
tions. Imperial 8vo, cloth. $12 .00 

SIMPSON, G. The Naval Constructor. A Vade Mecum 

of Ship Desi^, for Students, Naval Architects, ShipBuilders and 
Owners, Manne Superintendents, Engineers and Draughtsmen. 
12mo, morocco, illustrated, 500 pages $5.00 

SLATER, J. W. Sewage Treatment, Purification and 
Utilization. A Practical Manual for the Use of Corporations, 
Local Boards, Medical Officers of Health, Inspectors of Nuisances, 
Chemists, Manufacturers, Riparian Owners, Kngineens and Rate- 
payers. 12mo, cloth $2.25 

SMITHy I. W.y C.E The Theory of Deflections and of 

Latitudes and Departures. With special applications to Curvi- 
linear Surveys, for Alignments of Railway Tracks. Illustrated. 
16mo, morocco, tucks $3 .00 

SMITH, J. C. Maiufac'ure of Paint. A Practical Hand- 
book for Paint Manufacturers, Merchants and Painters. With 
60 illustrations and one large diafcram. 8vo, doth. . . .fWit t8-00 
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SNELLy A. T. Electric Motive Power: The Transmission 

and Distribution of Electric Power by Continuous and Alternate 
Currents. With a Section on the Applications of Electricity to 
Mining Work. Second EdiHon. 8vo, doth, illustrated $4 . 00 

SOXHLET, D. H Art of Dyeing and Staining Marble, 
Artificial Stone, Bone, Horn, Ivory and Wood, and of imitating 
all sorts of Wood. A practical Handbook for the use of Joiners, 
Turners, Manufacturers of Fancy Goods, Stick and Umbrella 
Makers, Comb Makers, etc. Translated from the Grerman by 
Arthur Morris and Herbert Robson, B.Sc. 8vo, cloth, 170 
pages net, $2.50 

SPANG. H. W A Practical Treatise on Lightning Pro- 
tection. With figures and diagrams. 12mo, doth. $1 .00 

SPEYERS, C. L. Text-book of Physical Chemistry. 

8vo, doth. $2.25 

STAHL, A. W.) and WOODS, A. T. Elementary Mechan- 
ism. A Text-book for Students of Mechanical Engineering. 
Thirteenth Edition, enlarged. 12mo, doth $2.00 

STALEY, C.y and PIERSON, G. S. The Separate ^tem 

of Sewerage: its Theory and Construction. Third Edition^ 
revised and enlarged. With chapter on Sewage Disposal. With 
maps, plates and illustrations. 8vo, doth $3 . 00 

STANDA6E H. C. Leatherworkers' Manual: being a 

Compendium of Practical Redpes and Working Formulse for 
Curners, Boot-makers, J^eather Dressers, Blacking Manufac- 
turers, Saddlers, Fancy Leather Workers and all persons en- 
gaged in the manipulation of leather. 8vo, doth net, $3 . 50 

Sealing Waxes, Wafers and Other Adhesive . For 

the Household, Office, Workshop and Factory. 8vo, cloth, 96 
pages n«^$2.00 

STEWART. R. W. A Text-book of Light. Adapted to 

the Requirements of the Intermediate Science and Preliminary 
Scientific Examinations of the University of London, and also 
for General Use. Numerous diagrams and examples. 12bmo 
cloth $1 .00 

Text-book of Heat Illustrated. 8vo, Cloth, Si.oo 

Text-book of Magnetism and Electricity. i6o Illus- 
trations and numerous examples. 12mo, cloth $1 .00 

Elementary Text-book of Magnetism and Electricity. 

With numerous figures and diagrams. 12mO| cloth $1 .00 
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STILES, A. Tables for Field Engineers. Designed for 

Use in the Field. Tables containing all the Functions of a One 
Degree Curve, from which a corresponding one can be found for 
any required Degree. Also, Tables of Natural Sines and Tangents. 
12mo, morocco, tucks 712. 00 

STILLMAIfy P. Steam-engine Indicator and the Improved 

Manometer Steam and Vacuimi Gauges; their Utility and Appli- 
cation. New edition, 12mo, flexible cloth $1 .00 

STODOLA, A.. Dr. The Steam Turbine. With 300 dia- 
grams and illustrations. Authorized translation by Dr. L. C. 
Loewenstein In Press. 

STONE, R., Gen'l. New Roads and Road Laws in the 

United States. 200 pages, with niunerous illustrations. 12mo, 
cloth $1 .00 

STONEY, B. D. The Theory of Stresses in Girders and 

Similar Structures. With Observations on the Application of 
Theory to Practice, and Tables of Strength, and other P^perties 
of Materials. New revised edition, with numerous additions on 
Graphic Statics, Pillars, Steel, Wind Pressure, Oscillating Stresses, 
Working Loads, Riveting, Stren^h and Tests of Materials. 
777 pages, 143 illus. and 5 folding-plates. 8vo, cloth $12.50 

STUART, C. B.y XT.S.N. Lives and Works of Civil and 

Military Etigineers of America. With 10 steel-plate engravings. 
8vo, doth $6.00 

The Naval Dry Docks of the United States. Illus- 
trated with 24 fine engravings on steel. Fourth Edition, 4to, 
cloth $6.00 

SUFFLIN6, E. R. Treatise on the Art of Glass Painting. 

Prefaced with a Review of Ancient Glass. With engravings and 
colored plates. 8vo, cloth net, $3 . 50 

SWEET, S. H. Special Report on Coal, Showing its Dis- 
tribution, Classification, and Costs delivered over Different Routes 
to Various Points in the State ot New York and the Principal 
Cities on the Atlantic Coast. With maps. 8vo, cloth $3.00 

SWOOPE, C. W. P actical Lessons in Electricity: Prin- 
ciples, Experiments and Arithmetical Problems. An Elementary 
Text-book. With numerous tables, formulae, and two large in- 
struction plates. 8vo, cloth, illustrated. Fifth Edition . . ne^ $2 . 00 
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TAILFER, L. Practical Treatise on the Bleaching of 

Linen and Cotton Yam and Fabrics. With tables and diagrams. 
Translated from the French by John Geddes Mcintosh. 8vo, 
cloth, illustrated net, $5.00 

TEMPLETON, W. The Practical Mechanic's Workshop 

Companion. Comprising a ^preat* variety of the most useful 
rules and formids in Mechanical Science, with numerous tables 
of practical data and calculated results facilitating mechanical 
operations. Revised and eplaxged by W. S. Hutton. 12mo, 
morocco $2.00 

TESIAy N. Experiments with Alternate Currents of High 

Potential and H^h Frequencjr. A Lecture delivered before the 
Institution of Electrical Engineers, London. With a portrait 
and biographical sketch of the author. With figures and dia- 
grams. 12mo, cloth, illustrated. New Edition In Press, 

THOM, C.y and JONES, W. H. Telegraphic Connections: 

embracing Recent Methods in Quadruplex Telegraphy. 20 full- 
page plates, some colored. Oblong, 8vo, cloth $1.50 

THOHASy C. W. Paper-makers' Handbook. A Practical 
Treatise. Illustrated In Press. 

THOMPSON, A. B. Oil Fields of Russia and the Russian 

Petroleum Industry. A Practical Handbook on the Explora- 
tion, Exploitation, and Management of Riissian Oil Properties, 
including Notes on the Origin of Petroleum in Russia, a Descrip- 
tion of tne Theory and Practice of Liquid Fuel, and a Translation 
of the Rules and Regulations concerning Russian Oil Properties. 
With numerous illustrations and photographicplates and a map 
of the Balakhany-Saboontchy-Romany Oil Field. Svo, cloth, 
illustrated net, $15.00 

THOHPSONy E. P.. M.E. How to Hake Inventions; 
or, Inventing as a Science and an Art. A Practical Guide for 
Inventors. Second Edition, Svo, boards $1.00 

Roentgen Rays and Phenomena of the Anode and 

Cathode. Principles, Applications, and Theories. For Students, 
Teachers, Physicians, Photographers, Electricians and others. 
Assisted by Louis M. Pignolet, N. D. C. Hodges and Ludwig 
Gutmann, E.E. With a chapter on Generalisations, Aisuments, 
Theories, Kindred Radiations and Phenomena. By Professor 
Wm. Anthony. 50 diagrams, 40 half-tones. Svo, cloth. . . $1 .50 
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THORNLEY, T. Cotton Combing Machines. With Nu- 
merous tables, engravings and diagrams. £vo, cloth, illustrated, 

343 pages net, $3.00 

Contents. — Preface; List of Illustrations; The Silver Lap Ma- 
chine; Ribbon Lap Machine and Draw-frame; General Descrip- 
tion of the Heilmann Comber; The Cam Shaft; The Detaching 
and Attaching Mechanism of the Comber; The Duplex Comber; 
Resetting of Combers; The Erection of a Heilmann Comber; 
Stop Motions; Various Calculations; Various Notes and Dis- 
cussions; Cotton Combing Machines of Continental Make; Index. 

TODD, J., and WHALL, W. B. Practical Seamanship 

for Use in the Merchant Service: including aU ordinary subjects; 
also Steam Seamanship, Wreck Lifting, Avoiding Collision. Wire 
Splicing, Displacement and everything necessary to be known 
by seamen of the present day. Fifth Edition , with 247 illus- 
trations and diagrams. 8vo, cloth net, $7.50 

TOOTHED GEARING. A Practical Hand book for Offices 

and Workshops. By a Foreman Patternmaker. 184 illustra- 
tions. 12mo, cloth $2.26 

TRATMAN, E. E. R. Railway Track and Track-work. 

With over 20(D illustrations. 8vo, cloth $3.00 

TRAVERSE TABLE, Showing Latitude and Departure 

for each Quarter Degree of the Quadrant, and for Distances from 1 
to 100, to which is appended a Table of Natural Sin«»8 and Tan- 
gents for each five minutes of the Quadrant. (Reprinted from 
Scribner's Pocket Table Book.) Van Nostrand^a Science Series. 

16mo, cloth $0.60 

Morocco $1 .00 

TREVERT, E. How to Build Dynamo-electric Machinery, 

embracing Theory, Designing, and Construction of Dvnamos and 
Motors. With appendices on Field Magnet and Armature 
Winding, Management of Dynamos and Motors, and Useful 
Table^of Wire Gauges. 8vo, cloth, illustrated $2 . 50 

Electricity and its Recent Applications. A Practical 

Treatise for Students and Amateurs, with an Illustrated Dictionary 
of Electrical Terms and Phrases. 12mo, cloth $2.00 

TUCKER, J. H., Dr. A Manual of Sugar Analysis, in- 
cluding the Applications in General of Anal3rtical Methods to the 
Sugar Ladustry. With an Introduction on the Chemistry of 
Cane-eugar, Dextrose, Levulose and Milk-sugar. 8vo, cloth, 
illustrated S3.50 
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TUMLIRZy 0«, Dr. Potential and its Application to the 
E}xplAnation of Electric Phenomena, Populariy Treated. Trans- 
lated from the Qerman by D. Roberteon. 12mo, cloth, ill. $1 . 25 

TUNNERf P. A. Treatis3 on RoU-tuming for the Manu- 
facture of Iron. Translated and adapted by John B. Pearse, of 
the Pennsylvania Steel Works, with numerous eng]:avings, wood- 
cuts. 8vo, cloth, with folio atlM of plates $10.00 

UIVDERHILLy C. R. The Electro-magnet. N w and 

revised edition. 8vo, cloth, illustrated $1 . 50 

XTRQUHART, J. W. Electric Light Fitting. Embodying 
Practical Notes on Installation Management. A Handbook for 
Woridng Electrical Engineers. With numerous illustrations. 
12mordoth $2.00 



— Electro-plating. A Practical Handbook on the Depo- 

ntion of Copper, Silver, Nickel, Gold, Brass, Aluminium, Plati- 
num, etc. Fourth Edition. 12mo $2.00 



Electrotyping. A Practical Manual Forming a New 

and S3rstematic Guide to the Reproduction and Multiplication of 
Printing Surfaces, etc. 12rao $2.00 

Dynamo Construction. A Practical Handbook for the 

Use of Engineer Constructors and Electricians in Charge, em- 
bracing Frame Work Building, Field Magnet and Armature 
Winding and Grouping, Compounding, etc., with Examples of 
Leading English, American and Continental Dynamos and Motors, 
with numerous illustrations. 12mo, cloth $3 . 00 

Electric Ship Lighting. A Handbook on the Practical 

Fitting and Running of Ship's Electrical Plant. For the Use of 
Ship Owners, and JBuilders, Marine Electricians and Sea-going 
Engineers-in-Charge. Numerous illustrations. 12mo, cloth, 

S3. 00 

UNIVERSAL TELEGRAPH CIPHER CODE. Arranged 

for General Correspondence. 12mo, cloth $1 .00 

VAN NOSTRAND'S Engineering Magazine. Complete Sets, 

1869 to 1886 inclusive. 35 vols., m cloth 160.00 

" " in half morocco $100.00 

Year Book of Mechanical Engineering Data. With 

many tables and diagrams. (First Year of issue 1905.) In Press, 
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VAIT WA6ENEN. T. F. Manual of Hydraulic lOniiig. 

For the Use of the Practical Miner. Revised and enlarifed edition. 
ISmo, cloth. $1 ,00 

VDLLON, A. M. Practical Treatise on the Leather Industry. 

With many tables and illustrations and a copious index. A trans- 
lation of Villon's "Traite Pratique de la Fabrication des CuiiB et 
du Travail des Peaux," by Frank T. Addyman, B.Sc. 8vo, 
cloth, illustrated net, $10.00 

VINCENTi C. Ammonia and its Compounds: their 
Manufacture and Uses. Translated from the French by M. J. 
Salter. 8vo, cloth, illustrated net, $2.00 

YOLK, C. Haulage and Winding Appliances Used in 

Mines. With plates and engravings. Translated from the Ger- 
8vo, cloth, illustrated net, $4.00 



VON 6E0R6IEVICS, 6. Chemical Technology of Textile 

Fibres: their Origin, Structure, Preparation, Washing, Bleaching, 
Dyeing, Printing, and Dressing. Translated from the German 
bv Charles Salter. With many diagrams and figures. Svo, cloth, 

illustrated. 306 pages net, $4.50 

Contents. — The Textile Fibres; Washing, Bleaching, and Car- 
bonizing; Mordants and Mordanting; Dyemg, Printing, Dressing 
and Finishing; Index. 

Chemistry of Dyestuffs. Translated from the Second 

German edition by Chas. Salter. Svo, cloth, 412 pages. . . net, $4 . 50 

WABNER, R. Ventilation in Mines. Translated from 

the. German by Charles Salter. With plates and engravings. 
Svo, doth, illustrated, 240 pages net, $4. 50 

WADE, E. J. Secondary Batteries: their Theory, Con- 
struction and Use. With innumerable diagrams and fiffures. 
Svo, cloth, illustrated, 492 pages n^, $4.00 

WALKER, P., C.E. Atrial Navigation. A Practical 

Handbook on the Construction of Dirigible Balloons, Aerostats, 
Aeroplanes and Aeromotors. With diagrams, tables and illus- 
trations. Svo, cloth, illustrated, 151 pages net, $3 .00 

WALKER, W. H. Screw Propulsion. Notes on Screw 
Propulsion; its Riseand History. Svo, cloth $0.75 

WALKER, S. F. Electrical Engineering in Our Homes 

and Workshops. A Practical Treatise on Auxiliary Electrical 
Apparatus. Third Edition, revised, with numerous illustrations. 
Svo, cloth $2.00 
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WALKER, S. F. Electric Lishting for Marine Engiiieers, 

or How to Light a Ship by the ]^ectric Light and How to Keep the 
Apparatus in Order. 103 illus. , 8 vo, cloth Second EdUion . . $2 . 00 

WALLING, B, T., Lieut. Com. U.S.N., and MARTIN, JULIUS. 

Electrical Installations of the United States Navy. With many 
diagrams and engravings. 8vo, cloth, illustrated In Press, 

WALLIS TAYLER, A. J. Modem Cycles, a Practical 
Handbook on Their Construction and Repidr. With 300 illustra- 
tions. 8vo, cloth $4.00 

Motor Cars, or Power Carriages for Common Roads. 

With numerous illustrations. 8ve, cloth 31 . 80 

Bearings and Lubrication. A Handbook for Every 

user of Machinery. Fully illustrated. 8vo, eloth $1 . 50 

Refrigerating and Ice-making Machinery. A Descrip- 
tive Treatise for the use of persons employing refrigerating and 
ice-making installations, and others. 8vo, cloth, illustrated. S3 . 00 

Refrigeration and Cold Storage: beine a Complete 

practical treatise on the art and science of r^rigeration. 600 
pages, 361 diagrams and figures. 8vo, cloth net, $4.50 

Sugar Machinery. A Descriptive Treatise, devoted 

to the Machinery and Apparatus used in the Manufacture of 
Cane and Beet Sugars. l2mo, cloth, illustrated $2 .00 

WANKLYN, J. A. A Practical Treatise on the Exam- 
ination of Milk and its Derivatives, Cream, Butter and Cheese. 
12mo, doth. $1.00 

*— Water Analysis. A Practical Treatise on the Exam- 
ination of Potable Water. Tenth EdiHan, 12mo,cloth $2.00 

WANSBROlTGH, W. D. The A B C of the Differential 

Calculus. 12mo, cloth. $1 .50 



WARD, J. H. Steam for the MilUon. A Popular Treat 

ise on Steam, and ' 
Navigation. 8vo, 



ise on Steam, and its application to the Useful Arts, especially to 
" i,cloth $1.00 



WARING, G. E., Jr. Sewerage and Land Draiaa^e. 

Illustrated with woodcuts in the text, and full-page and foldmg 
plates. Quarto. Qoth. Third EdUian $6.00 
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WARING, 6. E., Jr. Modem Methods of Sewage Disposals 

for Towns, Public Institutions and Isolated Houses. Second 
Edition, revised and enlarged. 260 pa^es. lUus. Cloth.. . $2.00 

How to Drain a House. Practical Infortnation for 

HouseholdeTS. Third Edition, enlarged, 12nio, cloth $1 .25 

WATSON, E. P. Small Engines and Boilers. A Manua^ 

of Concise and Specific Directions for the Construction of Small 
Steam-engines and Boilers of Modem Types from five Horse- 
power down to model sizes. lUustratea with Numerous Dia- 
grams and Half-tone Cuts. 12mo, cloth. $1 .25 

WATI, A. Electro-plating and Electro-refining of Metals: 

being a new edition of Alexander Watts' ''Electro-Deposition." 
Revised and largely rewritten by Arnold Philip, B.Sc. With 
numerous figures and engravings. 8vo, cloth, illustrated, 680 
pages net, $4 . 50 

• Electro-metallurgy Practically Treated. Eleventh 

Edition, considerably erdarged. 12mo, cloth $1 .00 

The Art of Soap-making. A Practical Handbook of 

the Manufacture of Hard and Soft Soaps, Toilet Soaps, etc. In- 
cluding many New Processes, and a Chapter on the Kecover3r of 
Glycerme from Waste Lyes. With illustrations. Fifth Edition, 
revised and enlarged. Svo, cloth $3 .00 

The Art of Leather Manufacture: being a Practical 

Handbook, in which the Operations of Tanning, Curryine and 
Leather Dressing are Fully Described, and the Principles of 
Tanning Explained, and many Recent Processes Introduced. 
With numerous illustrations. Second Edition. Svo, cloth. . $4 . 00 

WEALE^ J. A Dictionary of Terms Used in Architecture, 

Building, Engineering, Mining, MetuUargy, Archseolog]^, the Fine 
Arts, etc., with expliuiatory observations connected with applied 
Science and Art. Fifth Edition, revised and corrected. 12mo, 
cloth $2.50 

WEBB, H. L. A Practical Guide to the Testing of Insu- 
lated Wu^ and Cables. Illustrated. 12mo, cloth $1 . 00 

The Telephone Handbook. 128 Illustrations. 146 

pages. 16mo, cloth $1 .00 

WEEKES, R. W. The Design of Alternate Current Trans- 
formers. Illustrated. 12mo, cloth $1 .00 
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WEISBACH, J. A Manual of Theoretical Mechanics. 

Ninth American edUion. ^ Translated from the fourth augmented 
and improved German edition, with an Introduction to the Calculus 
by Eclde^ B. Coxe, A.M., Mining' Engineer/ 1,100 pages and 902 

woodcut illustrations. 8vo, clotn $6.00 

Sheep $7.fi0 

Mechanics of Air Machinery. Translated with an 

api)endix on American Practice by Prof. A. Trowbridge, Columbia 
UniveiBity In Press. 

WESTON, E. B. Tables Showixig Loss of Head Due to 

Friction of Water in Pipes. Second Edition. 12mo,cloth.. $1.50 

WEYMOUTH, F. M. Drum Armatures and Commutators. 

(Theory and Practice.) A complete Treatise on the Theory 
and Construction of Drum Winding, and of commutators for 
closed-coil armatures, together with a full r^um^ of some of the 
principal points involved in their design, and an exposition of 
armature reactions and sparking. 8vo, doth S3 . 00 

WHEELER, J. B., Prof. Art of War. A Course of 

Instruction in the Elements of the Art and Science of War, for 
the Use of the Cadets of the United States Military Academy, 
West Point, N. Y. 12mo, cloth $1 .75 

Field Fortifications. The Elements of Field Forti- 
fications, for the Use of the Cadets of the United States Military 
Academy, West Point, N. Y. 12mo,cloth $1.76 

WHIPPLE, S., C.E. An Elementary and Practical Treatise 

on Bridge Building. 8vo, cloth ^ S3. 00 

WHITE, W. H., K.C.B. A Manual of Naval Architecture, 

for use of Officers of the Royal Navy, Officers of the Mercantile 
Marine, Yachtsmen, Shipo\mers and Shipbuilders. Containing 
many figures, diagrams and tables. Thick, 8vo, cloth, illus- 
trated $9.00 

WHITELAW, J., Jr. Surveying, as Practiced by Civil 

Engineers and Surveyors; including the setting-out of woric for 
construction and surveys abroad, with examples taken from 
actual practice. Intended as a handbook for Field and Office 
use; also as a text-book for Students. With numerous tables, 
full-page plates and diagrams. 8vo, cloth, illustrated, 516 
pages net, $4.00 

WILKINSON, H. D. Submarine Cable-laying, Repairing, 

and Testing. 8vo, cloth $6.00 
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WILLIAMSON, R. S. On the Use of the Barometer on 

Surveys and Reconnoiosances. Part I. Meteorology in its Ck)n- 
nection with Hypsotnetiy. Part II. Barometric H3rpeometrv-. 
With illustrative tables and engravings. 4to, cloth $15.00 

Practical Tables in Meteorology and Hypsometry, in 

connection with the use of the Barometer. 4to, cloth $2 . 50 

WILSON, 6. Inorganic Chemistry, with New Notation. 

Revised and enlarged by H. G. Madan. New edition. 12mo, 
cloth $2.00 

WILLSON, F. N. Theoretical and Practical Graphics. 

An Educational Course on the Theory and Practical Ap^ications 
of Descriptive Geometry and Mechanical Drawing. Prepared 
for students in General Science, Engraving, or Architecture. 
Third Editum, revised, 4to, cloth, illustrated net, $4.00 

Note-taking, Dimensioning and Lettering. 4to, Cloth, 

illustrated net, $1.25 

Third Angle Method of Making Working Drawings. 

4to, cloth, illustrated net, $1 . 25 

Some Mathematical Curves, and Their Graphical 

Construction. 4to, cloth, illustrated net, $1 . 60 

Practical Engineering Drawing and Third Angle 

Projection. 4to, cloth, illustrated net, $2.80 

Shades, Shadows, and Linear Perspective. 4to, Cloth. 

illustrated n£t, $1.00 

Descriptive Geometry — Pure and Applied, with a 

chapter on Higher Plane Curves, and the Helix. 4to, cloth 
illustrated net, $3.00 

WINKLER, C, and LUNGE, G. Handbook of Technical 

Gas- Analysis. With figures and diagrams. Second English edir' 
tion. Translated from the third n-eatly enlarged German edition, 
with some additions by*^George Lunge, Ph.D. 8vo, cloth, illus- 
trated, 190 pages $4.00 

WOODBURY, D. V. Treatise on the Various Elements 

of Stability in the Well-proportioned Arch. With numerous 
tables of the Ultimate and Actual Thrust. 8vo, half morocco. 
lUustrated $4. DO 
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WRIGHT, A. C. Analysis of Oils and Allied Substances. 

8vo, cloth, illustrated, 241 pages net^ 93.50 

Simple Method for Testing Painters' Materials. 8vo, 

cloth, 160 pages. ., : net,%2.60 

WRIGHT, T. W., Prof. (Union College.) Elements o" 

Mechanics; including Kinematics, Kinetics and Statics. With ap- 
plieations. Third EaiHon, retdaed and evUarged. 8vo, cloth . . $2 . 50 

WYNKOOP, R. Vessels and Voyages, as Regulated by 

Federal Statutes and Treasury Instructions and Decisions. 8vo, 
cloth S2.00 

TOUNG, J. E. Electrical Testing for Teleeraph Engineers. 
With Appendices consisting of Tables. 8vo, cloth, illus. . . $4.00 

YOUNG SEAMAN'S MANUAL. CompUed from Various 
Authorities, and Illustrated with Numerous Original and Select 
Deisjgns, for the Use of the United States Training Ships and the 
Marine Schools. 8vo, half roan $3 .00 

ZIPSER, J. Textile Raw Materials, and Their Conversion 
into Yams. The study of the Raw Materials and the Technology 
of the Spinning Process. A Text-book for Textile, Trade and 
higher TechnicfJ Schools, as also for self -instruction. Based upon 
the ordinary syllabus and curriculum of the Imperial and Royal 
Weaving Schools. Translated from the German by Chas. Salter. 
Svo, cloth, iUustrated net, S5.00 
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Catalogue of the Van Nostrand 
Science Series. 



n^HEY are put up in a uniform, neat, and attractive form, i8mo, 
boards. Price 50 cents per volume. The subjects are of an 
eminently scientific character and embrace a wide range of topics ^ and 
are amply illustrated when the subject demands. 

No. X. CmMREYS FOR FURNACES AND STEAM BOILERS. By 
R. Armstrong, C.E. Third American Edition. Revised and 
partly rewritten, with an Appendix on "Theory of Chimney 
Draught," by F. E. IdeU, M.E. 

No. 2. STEAM-BOILER EXPLOSIONS. By Zerah Colbum. New 
Edition, revised by Prof. R. H. Thurston. 

No. 3. PRACTICAL. DESIGNING OP RETAINING-WALLS. By 
Arthur Jacob, B.A. Fourth edition, with additions by Prof. 
W. Cain. 

No. 4. PROPORTIONS OF PINS USED IN BRIDGES. By Charles 
E. Bender, C.E. Second edition, with Appendix. 

No. 5. VENTILATION OF BUILDINGS. By W. F. Butler. Second 
edition, re-edited and enlarged by James A. Greenleaf, C.E. 
New edition in press. ♦ 

No. 6. ON THE DESIGNING AND CONSTRUCTION OF STORAGE 

Reservoirs. By Arthur Jacob, B.A. Second American edition, 
revised, with additions by E. Sherman Gould. 

No. 7. SURCHARGED AND DIFFERENT FORMS OF RETAINING- 

walls. By James S. Tate, C.E. 

No. 8. A TREATISE ON THE COMPOUND STEAM-ENGINE. By 

John Tumbull, Jr. 2nd edition, revised by Prof. S. W. Robinson. 

No. 9. A TREATISE ON FUEL. By Arthur V. Abbott, C.E. Founded 

on the original treatise of C. WiUiam Siemens, D.C.L. 

No. 10. COMPOUND ENGINES. Translated from the French of A. 
Mallet. -Second edition, revised with results of American Prac- 
tice, by Richard H. Buel, C.E. 

No. II. THEORY OF ARCHES. By Prof. W. Allan. 

No. 12. THEORY OF VOUSSOIR ARCHES. By Prof. Wm, Cain. 

Second edition, revised and enlarged. 



Digitized by V^OOQIC 



D. VAN NOSTRAND CO.'S SCIENTIFIC PUBLICATIONS 61 

Ho. 13. GASES MET WITH m COAL MIlfES. By J. J. AtkinaoB. 
Third edition, revised, and enlarged by Edward H. Williams, Jr. 

No. 14. FRICTION OF AIR IN ]fIN£& By J. J. Atkinson. Second 
American edition. 

No. 15. SE:EW ARCHES, By Prof. E. W. Hyde, C.E. Illustrated. 
Second edition. 

No. z6. GRAPHIC METHOD FOR SOLVING CERTAIN QUESTIONS 
in Arithmetic or Algebra. By Prof. G. L. Voee. Second 
edition. 

No. 17. WATER AND WATER-SUPPLY. By Prof. W. H. Corfield, 
of the University College, London. Second American edition. 

No. z8. SEWERAGE AND SEWAGE PURIFICATION. By M. N. 

Baker, Associate Editor ''Engineering News.'' 

No. 19. STRENGTH OF BEAMS UNDER TRANSVERSE LOADS. 
By Prof. W. Allan, author of "Theory of Arches." Second 
ecution, revised. 

No. 20. BRIDGE AND TUNNEL CENTRES. By John B. McMaster, 
C.E. Second edition. 

No. a I. SAFETY VALVES. By Richard H. Buel, C.E. Third edition. 

No. 22. HIGH MASONRY DAMS. By E. Sherman Gould, M. Am. 
Soc. C. E. 

No. 23. THE FATIGUE OF METALS UNDER REPEATED STRAINS. 
With various Tables of Results and Experiments. From the 
German of Prof. Ludwig Spangenburgh, with a Preface by S. H. 
Shreve, A.M. 

No. 24. A PRACTICAL TREATISE ON THE TEETH OF WHEELS. 

By Prof. S. W. Robinson. 2nd edition, revised, with additions. 

No. 25. THEORY AND CALCULATION OF CANTILEVER BRIDGES. 
By R. M. Wilcox. 

No. 26. PRACTICAL TREATISE ON THE PROPERTIES OF CON- 
tinuous Bridges. By Charles Bender, C.E. 

No. 27. BOILER INCRUSTATION AND CORROSION. Bv F. J. 

Rowan. New edition. Revised and partly rewritten by F. fi. 
Idell. 

No. 28. TRANSMISSION OF POWER BY WIRE ROPES. By Albtt 

W. Stahl, U.S.N. Second edition, revised. 

No. 29. STEAM INJECTORS. Translated from the French of M. 
Leon Pochet. 

No. 30. MAGNETISM OF IRON VESSELS AND TERRESTRIAL 

Magnetism. By Prof. Fairman Rogers. 
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No. 31. THE SAmXARY CONDITION OF CITY AND COUNTRY 

Dwelling-houses. By Geoige E. Waring, Jr. Second edition^ 
revised. 

No. 32. CABLE-MAKING FOR SUSPENSION BRIDGEa By W* 

Hildenbrand, C.E. 
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